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ANIMAL   CHEMISTRY. 


LIFE. 

The  Vital  Principle. 


JL  HAT  life  is  a  material  principle,  and  corifequently 
fubje&  to  the  laws  of  chemjpal  affinities,  has  been 
aflferted  by  feveral  philofophers ;  but  although  no  fatisfac- 
tory  explanation  has  yet  been  given  refpe&ing  it's  action, 
or  mode  of  producing  it's  various  efFe&s,  when  confidered 
in  a  chemical  view,  it  will  not  be  deviating  from  the  ob- 
ject of  the  prefent  work  to  give  a  few  of  the  principal 
opinions  that  have  been  held  of  it's  nature. 

The  exiftence  of  a  living  principle  in  the  animal  body 
has  been  acknowledged  from  the  earlieft  ages.  At  firft  it 
was  looked  upon  as  being  particularly  connected  with  the 
blood ;  for,  having  obferved  that  the  body  was  deprived 
of  life  by  great  evacuations  of  blood,  either  in  battle  or  by 
accidental  caufes,  it  was  natural  to  conclude  that  this  fluid 
conveyed  the  living  principle  out  of  the  wound,  and  Dro- 
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Mofes.  duccd  death.  This  was  the  idea  of  Mofes,  and  the  reafon 
why  that  legislator  prohibited  the  Ifraelites  from  eating 
blood.  <c  Therefore  I  faid  unto  the  children  of  Ifrael, 
Ye  {hall  eat  the  blood  of  no  manner  of  flefh  >  for  the  life 
of  all  flefh  is  the  blood  thereof.  I  will  even  fet  my  face 
againft  that  foul  that  eateth  blood  ;  for  the  life  of  the 
flefh  is  in  the  blood. "  Homer  gives  death  the  epithet 
purple,  nopfvfto;  SxvtzToq :  and  Virgil    alludes  to  it  when 

EmpHo-  ne  fays5  purpu>cam  vomit  idc  animam.  Empedocles  and 
Critias  believed  life  to  be  the  blood  itfelf. 

Upon  examining  the  opinions  of  the  ancient  fects  of 
phjlofophers,  on  the  immateriality  and  materiality  of  the 
foul,  it  would  appear,  that  the  immaterialifts,  considering 
all  the  fubtile  and  inviflble  fluids  as  not  fubject  to  the 
laws  of  matter,  thought  they  hod  difcovered  amongft  them 
theoriginof  the  foul,  whilft  lbmeofthem  fecm  tohavecon- 

Hcraclims.  founded  the  foul  with  the  living  principle.  Thus  Hera- 
clitus  looked  upon  the  foul,  or  intelligent  principle,  as  in- 
corporeal, or  an  exhalation  \  Parmenides,  that  it  was  fire  ; 

Parmeni-    Epithormus,  that  it  was  extracted  from  the  fun  ;  and  An- 
des. '  . 

axagoras,  Anaximenes,  and  Archclaus,  that  is  was  a  fub- 

HiPP°-  tile  air.  Hippo  aflferted  it  to  be  a  vapour ;  for,  according  to 
him,  humidity  was  the  principleof  all  things;  andBoecius, 

Ant«ni,uis.  that  it  wascompofed  of  air  and  fire.  Marcus  Antoninus  the 
Stoic  was  perfuaded  of  it's  great  resemblance  to  the  wind, 
and  Critolaus  imagined  that  its  effence  w^s  a  fifth  fub- 
france.  Many  of  the  moderns  have  fuppofed  the  foul  ori- 
ginates from  the  feminal  liquor  ;  that  at  firft  it  is  merely  a 
vegetating  principle,  dike  unto  that  of  a,  plant,  but  after- 
ward, on  becomina'  more  perfect,  it  acquires  a  ieniuivc 
property,  and  is  at  latl  rendered  reafonible  by  the  divine 
cooperation. 

Pythagoras.  Pythagoras  had  imagined  the  foul  to  be  detached 
from  the  air,  and  had  invented  an  anima  munch  from 
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which  the  fouls  of  men  were  emanations  :  but  as  the 
reciprocal  action  of  the  foul  and  the  body  upon  each 
other  was  not  eafily  explained  on  the  fuppofition  of  im- 
materiality, Plato  feems  to  have  improved  on  the  idea  Plato, 
of  Pythagoras,  by  propofingthat  of&plaftic  rijature,  a  kind 
of  intermediary  living  principle  connecting  the  foul  and 
body ;  and  this  plaftic  principle  was  acknowledged 
even  by  Hippocrates  and  Ariftotle,  although  differently 
modified  by  various  feels.  Ariftotle  the  peripatetic,  and  Ariftotle. 
the  fcholar  of  Plato,  aflerts  the  foul  to  be  the  firft  entele- 
chia  of  the  natural  organic  body,  having  the  living  prin- 
ciple under  it's  direction.  It  has  three  faculties;  the  nu- 
tritive, the  fenntive,  and  the  rational.  The  firft  is  that  in 
which  life  is  the  only  acting  principle.  The  fecond  is 
that  by  which  feeling  is  produce^.  The  third  is  peculiar 
to  man,  and  is  that  part  of  him  which  knows  and  judges. 
This  intellect  is  either  an  intelleclum  agens  vel  patiens. 
The  firft  may  be  feparated  from  the  body,  and  is  immortal : 
the  other  is  perifhable.  Life  is  a  permanence  of  the  foul, 
according  to  this  philofopher,  retained  by  the  natural  heat,' 
and  the  principle  of  this  heat  is  in  the  heart.  Galen  was  OAoa. 
much  attached  to  the  doclrine  of  Ariftotle,  and  made  com- 
mentaries full  of  erudition  on  the  wrorks  of  that  philofo- 
pher. Among  the  Arabs,  Avicenna  and  Averroes  were 
the  principal  who  commented  on  the  doctrine  of  the  Sta- 
gyrite.  Among  the  phyficians  of  Italy  that  followed  the 
fame  doctrine  was  Andrew  Cefalpinus,  firft  phyfician  to 
Clement  VIII ;   and  it  ended  with  Corringius. 

Leucippus,  Democritus,  and  Epicurus  were  re-d  mate-  Epicu  us. 
rialifts.  They  were  of  opinion  there  was  nothing  in  exift- 
ence  but  body,  and  that  the  principle  of  life  and  intelli- 
gence are  only  modifications  of  matter ;  that  they  arife  from 
the  difpofition  of  the  atoms  in  organized  bodies,  in  the 
fame  manner  as  the  flelh,  theblood,  and  other  fenfible  parts. 
B2  . 
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La&antius,  who  believed  the  foul  likewife  corporeal, 
after  having  examined  all  the  various  opinions  of  philo- 
sophers on  the  fubjecl:  of  the  effence  of  which  the  foul  is 
compofed,  and  having  regarded  them  all  as  uncertain, 
acknowledges,  however,  they  are  not  without  fome  fhare 
of  truth — our  foul,  or  the  principle  of  life,  being  in  the 
blood,  in  the  heart,  and  in  the  fpirit — but  that  it  is  im- 
poflible  to  exprefs  the  nature  which  is  the  refult,  being 
more  eafy  to  fee  the  operations  of  it  than  to  define  it. 

It  would  appear,  therefore,  all  the  ancients  had  fome 
idea  of  a  living  principle  which  animates  the  corporeal 

Plutarch,  machine  ;  and  this  is  afferted  by  Plutarch,  who  ought  to 
know  beft  the  fenttments  of  the  ancients,  having  given  a 
treatife  on  their  opinions.  He  fays,  as  being  acknow- 
ledged by  all  of  them,  that  fpirit  is* only  a  fubtilc  matter, 
and  our  foul,  which  is  the  air,  keeps  us  alive ;  and  in  this 
manner  all  the  world  contains  fpirit  and  air,  which  are 
only  two  names  fignifying  the  fame  thing. 

The  anima  mundi  of  Pythagoras,  the  tpva-^  of  Hip- 
pocrates, and  the  wivy.%  of  the  author  of  De  Mundo,  was 
afterwards  defcribed  by  the  name  of  calidum  innatum,  as 
exprefling  the  vital  principle  :  and  fome  of  the  firft  refto- 
rers  of  letters  adopted  the  fame  opinion  :  and  during  a  con- 
siderable part  of  the  feventeenth  century,  a  regular  fyfteni 
prevailed,  by  which  the  vital  principle  was  reckoned  the 
efficient  caufe  of  generation  and  exiftence  in  all  animals 
and  plants.     It  then  took  the  name  of  anima  vegetans. 

Paracclfus.  Paiacelfus  changed  this  term,  in  his  hypothetical  and  fan- 
ciful method  of  reafoning,  for  that  of '  fidereal fyirit,  which, 
.  according  to  his  opinion,  was  equally  independent  of 
the  body  and  the  mind,  but  defcendcd  from  the  firma- 
ment, as  the  rational  foul  proceeded  from  the  deity.  Van 
Helmont,  who  thought  he  improved  upon  the  fyftem  of 
his  matter  Paracelfus,  fuggefted  the  theory  of  the  Archeiis, 
without  venturing  to  affert  the  unity  of  the  rational  and 


THE   VITAL    PRINCIPLE. 

living  fouls.  The  actions  of  the  Archeiis  were  after- 
wards reduced  by  Stahl  to  the  operations  of  the  rational  Stahl. 
foul)  but,  according  to  Dr.  Ferriar,  Defcartes  appears  to 
have  been  the  firft  modern  philofopher  who  rejected  the 
feparate  exiftence  of  the  vital  principle,  under  all  denomi- 
nations. He  availed  himfelf  of  the  progrefs  that  was 
made  in  the  nervous  phyfiology  not  long  before,  by  Wil- 
lis and  others,  to  form  an  hypothefis  of  the  vital  functions, 
founded  on  the  fuppofition  of  the  nervous  fluid  or  ani- 
mal fpirits,  which  was  the  language  of  that  period. 
The  doctrine  of  Stahl  made  confiderable  progrefs  ;  and 
the  fuppofition  of  a  rational  power,  or  vis  medicatrix 
naturae,  which  directs  all  the  actions  of  the  body  both  in 
health  and  difeafe,  became  univerfal ;  and  for  a  long  time 
the  terms  of  nature,  fenlitive  foul,  and  vital  principle,  were 
employed  without  much  opposition.  The  exiftence  of  a 
nervous  fluid  was  now  affumed  independently  of  the  fen- 
litive foul,  to  explain  the  appearances  of  fenfation  and  vo- 
luntary motion. 

About  the  middle  of  the  laft  century,  when  Haller  was 
aflerting  his  theory  of  the  vis  inftta,  and  vis  nervea,  Dr. 
Whytt  of  Edinburgh  attempted  a  reformation  of  the  Whytr* 
Stahlian  doctrine,  which  excluded  the  independent  living 
principle.  He  fuppofes  the  foul  to  be  prefent  in  different 
parts  of  the  brain  at  the  fame  time,  while  he  confiders  this 
foul  as  immaterial  and  unextetded. 

Some  philofophers  at  length  began  to  imagine  that 
matter  might  acquire  vitality,  in  confequence  of  a  certain 
organization,  and  amongft  thefe  were  Buflfon  and  HofF-  Buffbn. 
mann.  But  while  no  fingle  hypothefis  refpecting  the  vital 
principle  prevailed  generally,  two  theories  appeared,  which 
more  particularly  engaged  the  attention.  Dr.  Monro  gives  Monro 
his  explanation  of  the  intelleftus  agens  in  the  body,  by  fav- 
ing,  that  the  power  which  created  all  things,  which  gave 
life  to  animals,  continues  to  act  upon  and  to  maintain  all, 
-        B  3 
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by  the  unceafing  influence  of  a  living  principle  pervading 
the  univcrfe,   the  nature  of  which  our  faculties  are  inca- 
pable of  duly  comprehending.  The  other  theory  was  that 
Hunter.       of  John  Hunter,  who  revived  the  idea  of  the  blood  being 
endued  with  the  living  principle.  This  opinion,  as  obferved 
before,  is  not  only  to  be  found  in  the  writings  attributed  to 
Mofes,  but  in  modern  times  it  had  been  afferted  by  Harvey, 
Hoffmann, 'and  more  particularly  by  Huxham,  who  even, 
mentions  the  red  globules  as  the  peculiar  feat  of  life.  The 
proofs  which  John  Hunter  brings  of  the  life  of  the  blood 
are  the  following  :    1.  It  unites  living  parts  when  erTufed 
between  them.  2.  The  blood  becomes  vafcular,  like  other 
living  parts.     3.  It's  temperature,   as  it  flows  from  the 
vein,  is  always  equal,  in  the  moil  oppofite  temperatures  to 
which  the  body  can  bear  expofure.     4.  It  is  capable  of 
being  acted  upon  by  a  ftimulus,  as  is  the  cafe  when  it 
coagulates.     5.  The  laft  direct  proof  of  the  life  of  the 
blood  is  the  nourishment  and  prefervation  of  life  in  para- 
lytic limbs. 
Goodwyn.        Goodwyn,  who  endeavoured  to  confider  the  fubject  of 
vitality  in   a  manner  different  from  what  it  had  been, 
taking  the  living  body  when  all  the  accidental  figns  of  life 
are  removed,    and  applying  to  it  thofe  external  powers 
which  really  do  reftore  them,  then  attending  to  the  place 
and  eircumftances  of  their  firft  operation,  and  the  imme- 
diate effects  they  produce,  was  led  to  examine  the  efTen-r 
tial  quality  of  life,  and  confequently  to  the  means  of  di- 
ftinguifhing  it  from  death.    This  phyfician  is  of  opinion, 
that  the  heart  is  the  great  feat  of  the  principle  of  life,  in  all 
the  more  perfect  animals;  and'that  the  contraction  of  the 
heart  with  the  ordinary  ftimulus  is  the  only  mark  of  the 
prefence  of  this  principle ;  that  when  the  heart  contracts, 
under  fuch  eircumftances,   the  body  is  alive ;  when  not, 
it  is  dead.     Life  he  therefore  defines  to  be  the  faculty  of 
propelling  the  fluids  through  the  circulatory  fyftem.    Ac- 
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cording  to  him,  the  exlernal  concomitant  circumftances 
which  operate  upon  the  body  in  health  are  heat  and  refpira- 
-tion,  which  excite  the  vital  principle  to  action;  and  when- 
ever the  functions  of  an  animal  are  fuddenly  fufpended,  and 
the  body  puts  on  the  appearance  of  death,  it  is  always  in 
our  power  to  determine  whether  it  be  really  dead,  by  re- 
ftoring  the  temperature,  and  by  inflating  the  lungs  with 
proper  air.  He  is  of  opinion,  with  fome  others,  that  there 
are  no  means  of  determining  the  abfolute  deprivation  of 
the  vital  principle  but  by  the  prefence  of  putrefaction. 

Currie,  on  appreciating  the  powers  of  life,  affirms,  that  Currf«. 
if  a  definition  of  it  were  required,  it  might  be  moft  clearly 
eftablifhed  on  that  capacity  by  which  the  animal  preferves 
it's  proper  heat  under  the  various  degrees  of  temperature 
of  the  medium  in  which  it  exifts.    That  the  more  perfect 
animals  pofTefs  this  power  in  a  fuperior  degree :  and  this  is 
necefTary  from  the  exercife  of  their  vital  functions.    That 
the  inferior  animals  have  it  in  a  lower  degree,  and  vegeta- 
bles lower  ftill ;  which  is  according  to  their  limited  powers 
and  humbler  organization.  And  as  the  capacity  of  preferv- 
ingnearly  an  uniform  temperature  in  all  varieties  of  climate 
and  feafon  is  a  criterion  of  life  in,  the  more  powerful  ani- 
mals, it  is  probable  that  a  few  degrees  of  incrcafe  or  di- 
minution of  the  heat  of  the  fyftem  produce  difeafes  and 
death.     Metzler  fuppofes  carbonic  acid  gas  to  afford  the 
principle  of  life.  De  la  Metherie  looks  upon  the  principle  De  J*  Me- 
of  life  to  be  the  aura  animalis,  fomewhat  analogous  to  therH>" 
the  aura  feminalis ;   and  Girtanner  affirms  irritability  to 
be  the  principle  of  life.    Somewhat  before  the  time  when 
Goodwyn  publifhed  his  "  Connection  of  Life  with  Re- 
fpiration,"  a  revolution  had  taken  place  in  chemiftry,  and 
the  attention  of  philofophers  became  more  particularly  di- 
rected to  inveftigate  the  chemical  proceffes  that  were  fup- 
pofed  to  take  place  in  the  animal  economy,  and  by  which 
the  principle  of  life  came  in  for  it's  mare.     This  change 
M  4 


8  LIFE. 

in  the  fyftems  arofe  from  thedifcovery  of  oxygen,  which 
was  found  to  be  that  principle  which  fome  of  the  ancients 
had  imagined  to  exiR  in  the  atmofphere — a  certain  fome- 
thing  which  they  faw  was  neceffary  to  life.  This  oxygen 
is  the  pneuma  that  Ariftotle  fays  unites  with  the  blood  ; 
and  Chryfippus  von  Soli,  who  gave  to  the  pneuma  the 
mod  extenfive  range,  exprefsly  declares  that  it  is  what  ge- 
nerates life ;  whilft  Praxagoras  the  phyfician  fays  that  the 
foul  is  ftrengthened  by  fpirituous  air. 

This  theory  of  Chryfippus  and  Praxagoras  had  it's  dif- 
ciples  in  the  middle  ages,  and  in  latter  times  it  received 
great  influence  from  the  difcovery  of  the  circulation  of 
the  blood.  For  this  difcovery  we  are  indebted  to  Michael 
Servetus  or  Andrew  Gcfalpinus,  each  having  mentioned 
that  circumftance  before  Harvey.  It  now  became  clear 
where  the  blood  met  with  the  infpired  air,  and  how  it  was 
then  fent  through  the  body.  Servetus  exprefsly  fays  that 
the  blood  paflfes  through  the  lungs,  obtains  there  an  addi- 
tion of  vital  fpirit  from  the  atmofpheric  air,   and  returns 

Bacon.  impregnated  with  this  from  the  lungs  to  the  heart.  Bacon 
added  to  the  doctrine  of  the  pneuma,  and  fays  the  vital  fpi- 
rit is  compofed  of  air  and  fire,  which  by  their  union  pro- 
duce a  weak  combuftion,  or,  as  it  may  be  called,  the  phlc- 
giftic  procefs  of  life  (incenfio  fpirituum  vitalium).  Hence, 
from  the  time  of  Praxagoras  there  appears  to"  have  been 
a  fimilar  idea  of  a  material  principle  of  life,  although  dif- 
ferently modified  ;  and  this  appears  to  have  been  the  opi- 
nion likewife  of  Harvey,  Mayow,  and  Mund,  and  to  have 

Townfend.  defcended  to  the  prefent  times.  Thus  Townfend  affirms, 
the  vital  force  of  an  organ  appears  to  be  in  the  exa& 
proportion  of  the  quantity  of  oxygenated  blood  that  circu- 

Thomton.  lates  through  it ;  Thornton,  that  there  is  a  chemical  pro- 
cefs going  forward  in  the  body  by  means  of  oxygen  ;  and 

Brandis.  Brandis,  Reil,  and  Gallini  are  of  the  fame  opinion,  but 
fay  the  vital  power  arifes  from  a  conftant  change  of  animal 
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matter,  a  phlogiftic  procefs,  which  is  maintained  and  re- 
newed by  an  union  of  the  oxygen  with  the  carbon.     Ac- 
cording to  Hufeland,  life  is  a  chemico-animal  flame,  to  *IufcUnd- 
the  production  of  which  oxygen  is  abfolutely  neceflary, 
and  the  vital  power  is  the  moft  general  and  powerful  of 
all  the  powers  of  nature.  He  confiders  it  as  the  caufe  of 
organization,  and  as  poflcffing  the  following  properties. 
1.  It  has  a  greater  affinity  to  fome  organized  bodies  than 
to  others  ;  thus,  the  polypus  may  be  cut  in  pieces  without 
being  divefted   of  it,  and  a  decapitated  tortoife  or  a  frog 
deprived  of  it's  heart  will  live  a  long  time  after;  whilft  to 
the  human  body,  or  a  quadruped,  it  would  be  inftant  death. 
According  to  this  phyfiologift,  it  appears  to  be  a  general 
rule,  that  the  itronger  the  affinity  is  between  life  and  an 
organized  being,  the  more  imperfect  is  the  animal :  hence 
the  zoophytes,   whofe  whole  organization  confifts  in  a 
mouth,  a  ftomach,  and  a  gut,  have  a  life  exceedingly  te- 
nacious, and  difficult  to  be  deftroyed.     2.  It  is  in  greater 
quantity  in  fome  organized  bodies  thaiV  in  others.     Thus 
an  elephant  lives  a  century,  whilit  the  ephemeron  only 
exifts  a  day;  and  in   general  all   cold-blooded   animals 
live  longer  than   thofe   with   warm  blood.     3.  It  frees 
bodies  from  the  chemical  laws  of  inanimate  matter,  and 
transfers  the  component  parts  of  a  body  from  the  phyfi- 
cal  or  chemical  to   the  organic  or  living  world.     4.  It     * 
prevents  putrefaction,  for  no  organized  body  can  putrefy 
unlefs  deprived  of  life. 

Humboldt  is  of  opinion,  that  the  degree  of  vitality  de-  Humboldt. 
pends  upon  the  reciprocal  balance  of  the  chemical  affini- 
ties of  all  the  elementary  parts  of  which  an  animal  is 
compofed. 

Davy  confiders  life  as  a  perpetual  feries  of  peculiar  cor-  Davy, 
pufcular  changes,   and  the  living  body  as  the  being  in 
which  thefe  changes  take  place.     They  are  confequently 
found  to  be  continually  varying  :  and  fince  all  organic  fen- 
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fitive  beings  are  unable  to  exift  without  light  and  oxygen, 
he  looks  upon  thefe  two,  under  the  name  of  phofoxygen. 
as  effential  to  exigence. 
Dr.  Fern'ar       Dr.  Ferriar,    in  his  obfervations  concerning  the  vital 
hvfngCprin!  principle,   thinks  that  fome  direct   arguments  may  be 
Ple-  brought  againft  the  general  fuppofition  of  an  independent 

living  principle.  Thefe  arguments  he  divides,  into  two 
kinds,  viz.  refutations  of  the  general  proofs  offered  in 
fupport  of  the  vital  principle  ;  and  inftances  of  the  direct 
influence  of  the  mind  and  brain  over  what  is  termed  the 
independent  living  principle.  The  great  proofs  for  the 
fupport  of  a  vital  principle  are,  the  contraction  of  mufcles 
feparated  from  the  body  on  the.  application  of  ftimulants; 
the  performance  of  the  vital  and  involuntary  motions  with- 
out any  exertion  or  even  confeioufnefs  of  the  mind,  and 
the  birth  of  full-grown  fcetufes  deftitute  of  a  brain.  In 
all  thefe  cafes,  fomething  is  alleged  to  operate,  indepen- 
dently of  the  mind,  in  producing  mufcular  motion. 

Dr.  Ferriar,  in  anfwer  to  the  firft  argument  drawn  from 
the  contraction  of  feparated  mufcles,  affirms,  it  may  be 
faid,  1.  That  the  power  of  contraction  in  a  feparated 
mufcle  is  loft  before  putrefaction  takes  place,  /.  e.  before 
the  deftruction  of  it's  texture ;  but  if  it's  vitality  depended1 
on  it's  texture  this  ought  not  to  happen.  2.  The  power 
of  contraction  in  a  feparated  mufcle  is  ftrongeft  upon  it's 
firft  feparation,  and  becomes  weaker  by  degrees  :  there- 
fore the  contracting  power  appears  to  have  been  derived 
from  fome  fource  from  which  it  is  detached  by  the  exci- 
fion  of  the  part.  3.  Irritation  of  the  medulla  oblongata? 
or  of  the  nerves  fupplying  particular  mufcles,  occafions 
ftronger  contractions  than  irritation  of  the  mufcles 
themfclvcs ;  and  Dr.  Whytt  furnifhes  an  experiment  on  a 
frog,  directly  proving  that  the  action  o7' feparated  mufcles 
depends  upon  the  nervous  energy.  4.  Dr.  Haller  himfelf 
is  obliged  to  make  a  conceijion  on  this  fubject  fufficiciU  to 
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deftroy  his  favourite  hypothecs  of  the  vis  infita.  5.  When 
a  paralytic  limb  is  convulfed  by  the  electric  (hock,  the 
motion  never  takes  place  without  the  patient's  confciouf- 
nefs.  In  this  cafe  there  is  no  diftinction  between  the  vi- 
tal principle  and  that  exertion  which  in  voluntary  motion 
is  always  attributed  to  the  mind. 

In  anfwer  to  the  fecond  argument  in  favour  of  a  vital 
principle,  drawn  from  the  performance  of  the  vital  and 
other  involuntary  motions,  Dr.  Ferriar  contents  himfelf 
with  only  obferving,  that  allowing  the  organs  of  thofe 
motions  to  be  fupplied  with  nervous  energy,  their  mo- 
tions may  be  very  well  accounted  for  by  the  ftimulus  of 
their  contained  fluids. 

The  force  of  the  third  argument,  drawn  from  the  want 
of  a  brain  in  full-grown  fcetufes,  is  taken  off  by  Dr» 
Whytt,  who  remarks,  that  as  the  heart  is  fometimes 
wanting  in  full-grown  fetufes,  the  argument  would 
equally  prove  that  the  heart  is  not  neceffary  for  the  con- 
tinuance of  circulation,  as  that  the  brain  is  not  neceffary 
to  the  fupport  of  the  fyftem.  Accordingly,  fetufes  born 
without  a  brain  do  not  in  general  furvive  birth. 

Befides  the  general  fuppofition  of  an  independent  living 
principle,  an  inference  has  been  drawn  from  facts,  of  a 
nervous  energy  independent  of  the  brain.  By  this  term, 
is  meant,  that  condition  derived  from  the  brain  to  dif- 
ferent parts  of  the  body,  by  means  of  which  they  become 
capable  of  motion.  To  (how  by  direct  proof  that  there  is 
no  independent  vital  principle,  Dr.  Ferriar  obferves, 
1.  That  it  is  juftly  urged  by  Dr.  Monro  againft  the  doc- 
trine of  the  vis  infita,  that  there  is  too  much  defign  in  the 
actions  of  different  mufcles,  affected  by  different  ftimuli* 
to  be  the  effect  of  mere  mechanifm.  Thus,  when  the 
hand  or  foot  is  burnt,  or  otherwife  fuddenly  injured,  the 
mufcles  on  the  part  immediately  ftimulated  are  not  thrown 
into  action,  nor  the  mufcles  on  the  fide  irritated,  but  their- 
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antagonists  contract  immediately  and  ftrongly.  Now,  if 
the  inftantaneous  action  be  in  this  cafe  chiefly  produced 
by  an  effort  of  the  mind,  the  fuppofition  of  a  diftinct 
vital  principle  is  fuperfluous  :  if  it  be  faid  to  be  produced 
by  a  living  power  independent  of  the  mind,  then  there 
mud  be  a  rational  power  in  the  body,  independent  of  the 
mind 3  which  is  abfurd.  2.  The  date  of  the  vital  and 
involuntary  motions  is  confiderably  affected  by  the  ftate 
of  the  mind,  which  equally  difproves  the  existence  of  a 
feparate  vital  principle,  and  proves  the  dependence  of  the 
nervous  energy  upon  the  brain.  3.  Madhefs,  it  is  well 
known,  is  frequently  produced  by  caufes  purely  mental, 
and  in  perfons  apparently  in  good  health  ;  and  as  the  pa- 
tients fenfibility  to  very  powerful  ftimuli  is  much  dimi- 
nifhed  in  maniacal  cafes,  they  afTord  another  proof  of  the 
fnbordination  of  the  nervous  energy.  4.  It  has  been  ob- 
ferved,  that  in  paralytic  cafes  motion  is  frequently  de- 
ftroyed,  while  fenfe  remains.  As  the  caufe  of  palfy  al- 
moft  always  refldes  in  the  brain,  this  fact  appears  equally 
inexplicable  on  the  opinion  of  a  diftinct  living  principle, 
or  of  a  nervous  energy  independent  of  the  brain.  5.  When 
nerves  are  regenerated  after  being  cut  through,  fenfation 
and  voluntary  motion  are  not  always  reftored  to  the  parts 
beneath  the  divifion  :  the  reftoration  was  never  made  in 
Dr.  Monro's  experiments.  But  on  the  fuppofition  of  a 
diftinct  nervous  power,  the  nerve,  after  it's  reunion, 
ought  to  refume  all  it's  offices.  6.  Dr.  Whytt  aflerts, 
that  when  the  fpinal  marrow  of  a  frog  is  deftroyed,  after 
decollation,  no  contraction  can  be  excited  in  the  limbs  by 
cutting  or  tearing  the  mufcles.  Such  are  the  facts  and 
arguments  which  Dr.  Ferriar  brings  againft  the  opinion 
of  a  diftinct  living  principle;  and  he  thinks  that  tfteir 
inveftigation  appears  to  lead  us-  back  to  the  brain  as  the 
fource  of  fenfibility  and  irritability. 
Br.  Rufh.        The  ]aft  Qpiniojj  which  has  been  giveri*of  the  principle 
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of  life  is  that  of  Dr.  Rufh.  He  includes  in  animal  life 
three  properties,  as  applied  to  the  human  body;  viz.  mo- 
tion^ fenfation,  and  thought,  and  thefe,  when  united,  com- 
pofe  perfect  life.  It  may  exift  without  thought  or  fenfa- 
tion,  but  neither  Jenfation  nor  thought  can  exift  without 
motion.  He  affirms,  that  the  loweft  degree  of  life  exifts 
in  the  abfence  even  of  motion.  He  firft  confiders  ani- 
mal life  as  it  appears  in  the  waking  and  deeping  ftates  in 
a  healthy  adult,  and  afterwards  inquires  into  the  modifi- 
cation of  it's  caufes,  in  the  fcetal  infant,  youthful  and  mid- 
dle ftates  of  life,  in  certain  difeafes,  in  different  ftates  of 
fociety  and  in  different  animals,  and  lays  down  the  fol- 
lowing proportions : 

1.  Every  part  of  the  human  body,  the  nails  and  hair 
excepted,  19  endued  with  fenfibility  or  excitability,  or 
with  both. 

2.  The  whole  body  is  fo  formed  and  connected,  that 
imprefiions  made  in  the  healthy  ftate  upon  one  part  ex- 
cite motion  or  fenfation,  or  both,   in  every  other  part       ' 
of  the  body. 

3.  Life  is  the  effeft  of  certain,  ftimuli  acting  upon  the 
fenfibility  and  excitability,  which  are  extended  in  different 
degrees  to  every  external  and  internal  part  of  the  body-; 
and  thefe  ftimuli  are  as  neceflary  to  it's  exiftence  as  air 
is  to  flame. 

That  animal  life  is  a  forced  ftate  was  firft  delivered  by 
Dr.  Cullen,  although  he  afterwards  retracted  it.  He  af- 
firmed that  the  human  body  was  not  an  automaton  or 
felf-moving  machine,  but  kept  alive,  and  in  motion,  by 
the  conftant  action  of  ftimuli  upon  it.  Dr.  Brown  en- 
larged upon  this,  and  formed  a  beautiful  theory  of  excita- 
bility and  excitement :  and  Dr.  Rufh  endeavours  to  efta- 
blifh  this  difco very  of  life  being  a  forced  ftate;  and  he 
continues  to  obferve,  that  the  action  of  the  brain,  the  dia- 
ftole  and  fyftole  of  the  heart,  the  pulfation  of  the  arteries, 
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the  contraction  of  the  mufcles,  the  periftaltic  motion  of 
the  bowels,  the  abforbing  power  of  the  lymphatics,  fecre- 
tion,  excretion,  hearing,  feeing,  fmelling,  tafte,  and  the 
fenfe  of  touch,  even  thought  itfelf,  are  all  the  effects  of 
ftimuli  acting  upon  the  organs  of  fenfe  and  motion. 
Thefe  have  been  divided  into  external  and  internal. 

1.  The  external  are  light,  found,  odours,  air,  heat,  cx- 
ercife,  and  the  pleafures  of  the  fenfes. 

2.  The  internal  ftimuli  are  food,  drinks,  chyle,  blood, 
tenfion  of  the  glands  which  contain  fecreted  liquors,  and 
the  exercife  of  the  faculties  of  the  mind. 

Life  therefore  (according  to  the  hypothecs  of  Rufli), 
even  thought  itfrlf,  is  merely  a  quality  refiding  in  the  com- 
ponent parts  of  a  material  fyftem,  dependent  upon  a  pe- 
culiar organization,  by  which  it  is  enabled  to  act,  or  in 
fome  way  to  move,  on  being  ftimulated  or  excited. 
Hence  life  can  never  be  inherent  in  a  fimple  uncom- 
pounded  fubftance,  nor  in  a  particle  of  animal  matter  ; 
and  if  the  ftimulus  be  withheld  from  a  living  fyftem  be- 
yond a  given  time,  all  motion,  fenfation,  and  thought, 
mull  neceffarily  be  exlinguifhed. 

He  then  inquires  into  the  ftate  of  animal  life  in  deep, 
in  the  fcetus,  in  infants,  in  youth  and  middle  life,  in 
old  age,  in  pcrions  who  are  blind,  deaf  and  dumb,  in 
idiots,  in  thofe  under  the  effects  of  long  fafting,  and  in 
thofe  fuppofed  to  be  dead,  from  drowning,  freezing,  and 
other  caufes.  He  afterwards  takes  a  view  of  the  (late  of 
animal  life  among  the  different  inhabitants  of  the  globe, 
as  varied  by  civilization,  diet,  fituation,  and  climate.  He 
accounts  for  the  influence  of  certain  mental  ftimuli,  which 
act  nearly  alike  upon  the  individuals  of  all  nations  ;  of  the 
caufes  of  life  in  all  the  different  claffes  of  animals ;  of  the 
caufes  of  life  in  vegetables;  of  the  caufes  of  death  ;  and 
laftly,  he  draws  his  conclufions  from  the  doctrine  of  ani- 
mal life  being  the  effect  of  impreffions  upon  the  body. 
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Irritability.— Whatever  motion  there  is  in  the  animal 
body,  it  is  all  brought  about  by  the  mufcular  fibre;  and 
iince  the  connection  of  this  fibre  with  oxygen  is  necef- 
fary,  in  order  that  it  fhall  preferve  it's  irritable  or  con- 
tracting power,  phyfiologifts  have  endeavoured  to  invefti- 
gate  what  may  be  the  nature  and  origin  of  irritability  itfelf. 

GlirTon  is  faid  to  be  the  firft  difcoverer  of  the  irritable 
principle  in  the  folid  fibre,  and  this  was  afterwards  en- 
larged upon  by  Haller,  who  found  by  a  variety  of  ex- 
periments that  the  irritability  of  mufcles  remains  a  long 
time  after  their  connection  with  the  brain  is  deftroyed.  < 

He  gave  it  the  name  of  vis  infita.  Fothergill,  in  his 
Hints  on  Animation,  publifhed  in  1783,  confiders  oxy- 
gen as  the  proximate  caufe  of  irritability  ;  and  Girtanner 
looks  upon  himfelf  to  be  the  difcoverer  of  the  fame  prin- 
ciple in  the  fluids  of  the  body ;  and  it  is  to  this  celebrated 
phyfiologift,  and  to  Humboldt,  that  we  are  indebted  for 
the  moft  curious  obfervations  on  this  principle. 

According  to  Girtanner,  who  has  made  a  number  of  O'u tanner, 
experiments  on  the  fubje6t,  irritability  is  the  principle  of 
life  in  organized  nature,  and  oxygen  is  the  principle  of 
irritability.  His  opinion  is,  that  the  irritable  fibre,  impro- 
perly called  the  mufcular  fibre,  is  univerfally  expanded 
throughout  all  organized  nature.  It  is  on  this  that  or- 
ganic motion,  fenfation,  and  even  life  depends.  He  af- 
firms that  this  irritable  fibre  is  the  fame  in  all  parts,  and 
fubjecl:  to  the  fame  laws ;  that  the  fluids  of  animals  are 
endued  with  irritability  as  well  as  the  folids,  their  irritabi- 
lity confiding  in  their  coagulability,  which  is  fubject  to 
the  fame  laws  as  that  of  the  fibre;  that  the  degree  of  irri- 
tability of  the  folids  and  fluids  is  continually  changing, 
and  is  different,  according  to  the  age  and  regimen  of  the 
fame  animal,  according  to  the'fex,  organization,  and  fize 
S>f  the  individual ;  that  the  ftate  of  health,  or  the  tone  of 
the  fibre,   confifts  in  a   certain  quantity  of  the  irritable 
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principle  neceiTary  to  it's  prefer vation.  To  maintain  this 
ftate,  it  is  neceflary  the  action  of  the  ftimulus  be  fuffi- 
ciently  ftrong  to  deprive  the  fibre  of  the  furplus  of  the 
irritable  principle  which  the  lungs  and  the  circulation  of 
the  fluids  continually  furnifh.  When  the  irritability  is 
totally  deftroyed,  the  fibre  is  in  a  ftate  of  gangrene ;  it 
changes  it's  colour,  becomes  livid  or  black,  and  is  then 
fubject  to  the  laws  of  unorganized  matter.  That  the 
irritable  fibre,  from  the  firft  moment  of  it's  exiftence  to 
that  of  it's  ditTolution,  being  conftantly  furrounded  by  bo- 
dies that  act  on  it  by  ftimulating  it,  and  upon  which  it  re- 
acts by  it's  contraction,  it  follows,  that  during  life  the 
irritable  fibre  is  in  a  continual  action  ;  that  life  confifts  in 
action,  and  is  not  a  paffive  ftate,  as  fome  authors  have  ad- 
vanced. According  to  the  experiments  of  this  phyfician, 
poifons  act  on  the  blood,  as  was  before  obferved  by  Fon- 
tana,  by  depriving  it  of  the  principle  of  irritability,  or  of 
it's  oxvgen. 

He  then  attempts  to  prove  that  it  is  to  the  oxygen,  dif- 
tributed  to  all  parts  of  the  fyftem  by  means  of  the  circu- 
lation of  the  blood,  that  the  irritability  and  the  life  of  or- 
ganized bodies  are  owing.  The  proofs  of  which  are, 
'  1.  The  irritability  of  organized  bodies  is  always  in  a 
direct  ratio  to  the  quantity  of  oxygen  they  contain. 

2.  Every  thing  that  augments  the  quantity  of  oxygen  in 
organized  bodiesaugments  at  the  fame  time  their  irritability. 

3.  Every  thing  that  diminifhes  the  quantity  of  oxygen 
diminifhes  likewife  their  irritability. 

He  diftinguifhes  the  organized  fibre  by  three  different 
fiates : 

1.  A  ftate  of  health,  or  the  tone  of  the  fibre,  in  which 
the  oxygen  exifts  in  it's  proper  quantity. 

2.  A  ftate  of  accumulation,  in  which  the  fibre  is  fur- 
charged  with  the  oxygen  or  irritable  principle. 

3.  A  ftate  of  exhaujlion,  in  which  the  fibre  is  more  or 
lefs  deprived  of  it. 
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Helike'wife  arranges  all  fubftances,  that  are  capable  of 
coming  into  contaft  with  the  irritable  fibre,  into  three 
claflcs. 

The  firft  comprehends  thofe  fubftances  that  have  the 
fame  degree  of  affinity  for  the  irritable  principle  or  oxygen, 
as  the  organized  fibre  itfelf;  hence  the  fubftances  produce 
no  effect  upon  it. 

The  fecond  comprehends  thofe  fubftances  that  have  a 
lefs  degree  of  affinity  for  oxygen  than  the  organized  fibre 
has  :  hence  thefe,  when  they  come  into  contact  with  it, 
furcharge  it  with  oxygen,  and  produce  a  ftate  of  accumu- 
lation.    They  are  called  negative  ftimuli. 

The  third  comprehends  fubftances  for  which  oxygen 
has  a  greater  affinity  than  it  has  for  the  organized  fibre* 
Thefe  therefore  deprive  the  fibre  of  it's  oxygen,  and  pro- 
duce a  ftate  of  exhauftion.  They  are  called  pofitive  ftimuli. 

It  is  a  fact  well  known,  that  the  affinity  of  different 
fubftances  differs  confiderably,  according  to  the  degree  of 
temperature.  The  fame  difference,  according  to  this  phy- 
ftcian,  takes  place  with  the  organized  fibre ;  hence,  in 
fpeaking  of  the  affinities  of  the  .irritable  fibre  in  general, 
he  means  the  temperature  to  be  that  of  the  blood  in  warm- 
blooded animals.  Having  made  this  obfervation,  his  ar- 
rangement of  different  fubftances  is  as  follows : 

In  the  firft  clafs  he  arranges  all  organized  or  living  fub- 
ftances, which  produce  no  effecl:  upon  the  irritable  fibre  as 
long  as  their  degree  of  temperature  is  the  fame  as  that  of 
the  fibre  with  which  they  come  into  contact. 

In  the  fecond  clafs  (negative  ftimuli)  he  arranges  fome 
of  the  molt  fatal  poifons.  And  it  is  on  this  account  that 
the  oxygenated  muriatic  acid  is  fo  deadly  a  poifon  to  all 
organized  bodies.  It  deftroys  them  by  the  furcharge  of 
irritability,  or  by  fuperoxygenating  them  ;  and  theconfe- 
quence  is,  it  is  changed  into  common  muriatic  acid.  Ar- 
fenic  in  it'smctaHic  ftate  has  no  effecl:  j  but  the  white  oxyd 

VOL.  III.  C 


M 


of  this  metal  is  one  of  the  moft  excruciating  and  terrible 
poifons.  The  oxygenated  metallic  falls,  as  corrofive  fub- 
limate,  or  oxygenated  muriat  of  mercury  and  butter  of  an- 
timony, produce  the  fame  effects.  Alfo  the  oxyds  of  fil- 
ver  and  mercury  produce  more  or  lefs  effects  on  the  orga- 
nized fibre,  according  to  the  quantity  of  oxygen  they 
contain.  The  black  oxyd  of  mercury,  or  ^Ethiops  mi- 
neral, produces  little  or  no  action  5  whilft  the  red  oxyd  of 
the  fame  metal  produces  the  moft  terrible  effects,  and  de- 
ftroys  organized  bodies  in  a  very  fhort  time.*  The  action 
of  the  fulphatSNof  tin  and  lead,  and  the  acetates  of  lead 
and  copper,  is  the  fame  on  the  organized  fibre. 

He  afferts  that  the  animal  as  well  as  the  vegetable  or- 
ganized fibre  decompofes  the  water  with  which  it  comes 
into  contact ;  that  the  greateft  part  of  the  water  we  drink 
is  decompofed,  then  recompofed ;  that  it  is  another  method 
which  nature  makes  ufe  of  to  furnifh  organized  bodies 
with  the  oxygen  neceffary  to  preferve  their  life  and  irrita- 
bility. Hunger  he  looks  upon  as  the  confequence  of  ac- 
cumulated irritability  in  the  fyftem  ;  and  for  a  fubftance  td 
be  nourifhing,  it  is  neceffary  for  it  to  be  a  pofitive  ftimulus, 
u  e,  it  muft  have  a  great  affinity  for  the  oxygen  with 
which  the  fyftem  is  overloaded,  by  which  it  gives  tone  to 
the  fibre,  and  flops  the  difagreeable  fenfation  of  hunger. 
Different  fubftances,  therefore,  are  only  nourifhing  in 
proportion  to  their  affinity  for  oxygen.  It  is  on  this  ac- 
count that  living  animal  fubftances,  asoyfters,  afford  little 
or  no  nourifbment,  becaufe,  being  already  faturated  with 
oxygen,  they  cannot  combine  with  it  •  and  hence  the  well- 
known  obfervation,  that  oyfters  increafe  the  appetite. 
Likewife  animal  jellies,  fruits  and  vegetables,  in  general, 
nourifh  very  little,  or  nc\t  at  all.  The  flefh  of  newlv- 
killed  animals  is  not  fo  nourifhing  as  that  kept  for  fome 
time,  and  when  raw  is  lefs  fo  than  roafled.  From  this 
arifes  all  the  art  of  the  cook,  which  only  confifts  in  ds- 
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priving  the  flefh  of  it's  oxygen  by  different  ftimulating 
fubftances,  fuch  as  heat,  oils,  fugar,  alcohol,  and  other 
fubftances  that  have  a  great  affinity  to  oxygen,  and  are 
very  nourifhing.  In  the  Eaft-Indies,  millions  nourifh 
themfelves  by  eating  fmall  quantities  of  opium  when  their 
crops  of  rice  fail. 

Third  is  a  ftate  of  the  fyftem  oppofite  to  that  of  hun- 
ger; it  is  a  fenfation  that  indicates  anexhauftion  or  want 
of  oxygen.  Water  therefore,  on  being  decompofed,  as  it 
comes  into  contact  with  the  fibre,  gives  up  it's  oxygen  to 
flop  this  difagreeable  fenfation.  The  fame  happens  with 
vegetable  acids,  which  are  always  decompofed  in  the  fto- 
machs  of  animals.  Ifthefe  acids  are  the  beft  remedies 
againft  the  effects  of  narcotic  poifons,  it  is  owing  to  their 
giving  up  the  oxygen,  on  decompoiition,  tothefibre  which 
thefe  poifons  have  deprived  of  it.     Hence  vinegar  cures  x 

the  effects  of  opium  and  drunkennefs,  which  is  likewife 
effected  by  a  large  quantity  of  water.  The  freflmefs  of 
the  air  after  rain  arifes  from  the  aqueous  vapours  coming 
into  contact  with  our  bodies,  and  reftoringto  them  their 
loft  oxygen.  That  lingular  infect  the  rotifer  may  be  re- 
vived, after  having  been  perfectly  dried,  by  moiftening  it 
with  water,  which,  on  being  decompofed,  reftores  to  it 
it's  oxygen,  and  confequently  it's  irritability,  of  which 
the  ftimulus  of  heat  had  deprived  it. 

In  the  third  clafs  (pofitive  flimuli)  he  arranges  alcohol, 
fulphurie  sether,  opium,  and  other  narcotics ;  oil  of  laurel, 
and  oils  in  general  j  fat,  fugar,  &c.  All  the  fubftances 
are  combuftible  5  i.  r»  they  have  a  great  affinity  to  oxygen ; 
and  it  is  by  the  fame  property  they  deprive  the  organized 
fibre  of  it's  irritability,  by  uniting  with  the  oxygen  they 
contain.  Amongft  the  pofitive  ftimuli  that  produce  the 
moft  terrible  effects  are  thofeof  the  putrid  fever  or  plague, 
and  of  mephitic  gas,  which  exhales  from  pvtrid  animal 
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fubftances  where  the  common  air  is  not  able  to  penetrate, 
_as  in  tombs.  The  affinity  of  mephitic  gas  for  oxygen  is 
fo  great,  that  as  foon  as  it  comes  into  contact  with  the  or- 
ganized fibre  it  deprives  it  of  all  it's  oxygen,  and  produces 
death,  which  is  fometimes  immediately.  The  bed  way 
therefore  to  prevent  the  effects  of  this  gas,  is  to  detonate 
nitre  on  burning  coals.  The  oxygen  of  the  nitre  com- 
bines with  the  gas,  and  renders  it  inert ;  and  hence  the 
ufe  of  refpiring  oxygen  gas  by  thofe  who  are  fufTocated  by 
it,  and  the  frefhnefs,  as  they  exprefs,  which  it  affords. 
Humboldt.  Humboldt,  who  has  written  an  ingenious  treatife  on  the 
nature  and  properties  of  the  Galvanic  fluid,  looks  upon 
irritability  to  be  the  common  foundation  of  all  vital  action; 
and  that  it  depends  upon  the  property  of  the  elementary 
parts  of  the  mufcular  fibre  to  change  their  relative  fitua- 
tion  on  the  approach  of  a  ftronger  or  weaker  ftimul us, 
whilft  in  the  fenfible  fibre  of  the  nerve  a  fluid  is  accumu- 
lated  called  the  Galvanic  fluid ;  and  he  likewife  afTerts, 
that  by  means  of  this  Galvanic  fluid  the  ftate  of  the  irrita- 
ble capacity  of  a  nerve  or  mufcle  may  be  afcertained,  for 
which  experiment  a  metallic  ftimulus,  compofed  of  zinc 
and  filver,  is  ncceflary.  According  to  this  chemical  phy- 
fiologift,  many  of  the  opinions  of  Girtanner  on  the  fub- 
jedt  of  irritability  are  erroneous;  for,  from  various  expe- 
riments, not  only  the  irritability  of  the  mufcular  fibre  is 
to  be  increafed  by  fubftances  that  contain  no  oxygen,  but 
he  found  that  a  fluid  containing  no  oxygen  increafes  the 
irritability  of  the  fibre  more  than  any  other  known  irri- 
table means.  Thus,  if  two  organs  of  equal  irritability  be 
dipped  in  an  alkaline  folution,  and  in  oxydated  muriatic 
acid,  the  firft  will  become  irritated  to  powerful  motion, 
whilft  the  other  remains  motionlefs  ;  but  according  to  the 
theorv  of  oxygen,  as  a  material  principle  of  irritability,  the 
contrary  might  be  expected.     Similar  appearances  take 
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place  when  alcohol,  mufk,  camphor,  tartar  emetic,  and 
muriated  bary  tes,  are  ufed ;  fubftances  fuppofed  to  contain 
little  or  no  oxygen.  / 

With  refpect  to  bodies  that  increafe  or  diminifti  irrita- 
bility, he  found, 

J  ft.  That  all  bodies  containing  oxygen  increafed  or 
augmented  the  irritability  of  the  nerves/  fuch  as  the  oxyge- 
nated muriatic  acid,  oxyd  of  arfenic,  &c. 

2d,  That  all  bodies  which  abforb  oxygen  diminifh  or 
lejfen  this  irritability ;  fuch  as  the  fulphuret  of  potafh, 
folution  of  potafti,  nitrous  gas,  Sec. 

With  refpecl:  to  the  firji,  if  a  large  nerve  be  laid  bare, 
as  the  crural,  and  if  it  be  touched  with  fubftances  con- 
taining oxygen,  as  the  acids,  it  fhows  an  irritability.  The 
fame  takes  place  with  very  irritable  mufcles  ;  as  the  heart 
of  a  frog,  when  it's  motion  begins  to  diminiili,  by  being 
plunged  into  an  acid  liquor,  fuch  as  the  oxygenated  mu- 
riatic acid,  has  it's  irritability  reftored  to  it. 

With  re/peel:  to  the  fecond.  If  this  heart,  however,  re- 
mains too  long  in  the  acid,  it's  irritability  is  too,  much 
increafed,  by  receiving  too  great  a  quantity  of  oxygen,  and 
the  motions  ceafe.  To  make  them  therefore  reappear, 
fubftances  muft  be  employed  that  can  abforb  this  excefs 
of  oxygen,  fuch  as  the  fulphurets  of  potafh,  alkalis,  &c. 
Thus,  by  moiftening  the  heart  by  the  fulphuret  of  potafti, 
it's  motions  recommence.  But  the  abforption  of  oxygen 
foon  takes  away  all  irritability  :  hence  the  motions  ceafe 
again ;  and,  to  make  them  reappear,  the  oxygen  muft  be 
rendered  to  it  again,  by  dipping  it  in  the  oxygenated  mu- 
riatic acid. 

He  found  that  heat,  alcohol,  8tc.  equally  reanimate  the 
actions  of  the  heart ;  that  the  arterial  blood  produces  the 
fame  effecl:,  from  it's  containing  oxygen,  but  not  the  ve- 
nous blood.  If  the  nerve  of  a  part  be  tied,  it  lofes  it's  ir- 
ritability 3  and  the  fame  happens  if  the  artery  be  tied* 
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which  carries  the  blood  to  it,  as  Mailer  has  proved.  The 
explanation  this  chemical  phyfiologift  gives  of  thefe  fads 
is  the  following.  He  lays  down  three-  principles  as  jie- 
ceffary  to  excite  the  irritability. 

1.  Oxygen,  which  forms  combinations  with  different 
acidifiable  bafes. 

2.  The  acidifiable  bafes  of  the  fibre  with  which  the 
-  *    oxygen  may  combine.  Thefe  acidifiable  bafes  are,  carbon, 

with  which  it  forms  carbonic  acid,  or  oxyd  of  carbon  ; 
hydrogen,  with  which  it  forms  water,  or  oxyd  of  hydro- 
gen ;  azot,  with  which  it  forms  oxyd  of  azot ;  phojphorus, 
with  which  it  forms  oxyd  of  phophorus. 

3.  The  Galvanic  fluid. 

Thefe  combinations,  however,  of  oxygen  with  the 
acidifiable  bafes  of  the  fibre  cannot  take  place  alone,  the 
fame  as  azot  and  oxygen  mixed  together  do  not  produce 
nitric  acid;  but  if  the  electric  fpark  is  made  to  pafs 
through  this  mixture,  the  azot  and  oxygen\combine,  and 
the  product  is  the  nitric  acid. 

The  Galvanic  fluid  produces,  according  to  Humboldt, 
the  fame  effect  in  the  animal  economy  as  the  electric 
fluid  in  the  mixture  of  azot  and  oxygen.  It  is  this  Gal- 
vanic fluid  that,  being  conveyed  by  the  nerves,  brings 
about  the  combinations  of  the  oxygen  with  the  different 
acidifiable  bafes  of  the  fibre;  but  when  the  nerve  of  a 
part  is  tied,  it  prevents  the  fluid  from  paffingj  which  ex- 
plains the  rcafon  of  the  irritability  being  deftroyed. 

The  oxygen  neceffary  for  thefe  unions  is  carried  by  the 
arterial  blood  in  the  courfe  of  circulation  ;  and  the  acidi- 
fiable bafes  which  are  to  unite  with  it  are  found  to  be 
already  prefent  in  the  fibre. 

He  found  that  every  thing  that  augments  too  much  the 
quantity  of  the  acidifiable  bafes  dtminiflics  the  irritability, 
and  that  every  thing  that  increafes  too  much  the  quantity 
of  oxygen  Tikewife  diminifhes  it  \  and  he  thinks  it  very 
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probable  that  the  fame  takes  place  with  refpeft  to  the 
proportion  of  the  Galvanic  fluid. 

It  i*  therefore  only  in  a  juft  equilibrium  of  thefe  prin- 
ciples that  the  neceflary  irritability  of  the  parts  confifts ; 
and  the  manner  of  it's  operation  this  pbyfiologift  thinks 
may  be  conceived  in  the  following  way  : 

Suppofe  a  fibre  to  be  compofed  of  the  following  parti- 
cles oq oooo,  which  are  acidifiable  bafes,  azot,  hydro- 
gen, carbon,  phofphorus ;  the  arterial  blood  then  carries 
the  oxygen  to  them,  and  the  Galvanic  fluid,  conveyed  by 
the  nerves,  making  a  difcharge  into  the  mufcles,  the  aci- 
difiable bafes  combine  by  this  mean?,  and  they  approach 
each  other  from  their  affinity  becoming  ftronger,  and  the 
fibre  is  then  mortened  and  contracted.  In  order  to  con- 
ceive the  manner  of  the  difcharge  in  the  internal  part  of 
the  body,  it  is  necefTary  to  call  to  mind  the  manner  of 
it's  action  externally. 

For  inftance,  let  the  nerve  be  apm9  which  is  diftributed 
in  the  mufcle  oo.  The  portion  m  of  the  nerve  which  is 
diftributed  in  the  mufcle  oo  communicates  to  it  a  portion 
of  it's  Galvanic  fluid ;  whilft  the  portion  p  a  fuppofed  to  be 
detached  from  the  mufcle,  and  furrounded  by  air,  which 
is  not  a  conductor  of  this  fluid,  preferves  it  wholly.  This 
portion  pa  contains,  then,  more  Galvanic  fluid  than  the 
mufcle  o.  If,  therefore,  thefe  two  portions  be  directly  put 
into  contact,  there  will  immediately  be  a  difcharge  of  the 
Galvanic  fluid,  which  will  pafs  from  the  nerve  a  into  the 
mufcle  of 

The  irritability  may  be  likewife  excited  by  eftablifhing 
a  communication  between  the  nerve  and  the  mufcles  by 
means  of  animal  fubftances,  asconductors^  fuch  as  pieces 
of  flefh  or  of  nerve ;  alfo  by  placing  a  homogeneous  me- 
tal, moiftencd  on  one  fide  with  an  evaporable  fluid,  as  * 
water,  between  them. 

It  is  the  fame  with  refpect  to  mufcular  motion  internally. 
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In  a  (late  of  repofe,  the  nerve  being  inferted  in  the  muf* 
cles,  the-gaftrk  fluid  is  put  into  an  equilibrium  in  the  or- 
gans that  touch  each  other.  The  fpontaneous  motion  is 
made  by  afurcharge  of  Galvanic  fluid  into  the  nerve.  It 
appears  that,  the  inftant  we  wifh  to  make  a  motion,  the 
Galvanic  fluid  produced  in  the  brain  is  carried  in  mafs 
towards  the  part  that  ought  to  move,  and  uncharges  the 
nervous  fibres.  A  difcharge  from  the  nerve  is  then  made 
into  the  mufcles.  The  particles  of  thefe  laft,  animated  by 
increafed  affinities,  approach  each  other,  and  it  is  this  that 
conftitutes  the  phsenomena  of  contraction.  The  acidifi- 
able elements,  azot,  hydrogen,  carbon,  and  phofphorus,  of 
which  the  mufcular  fibre  is  compofed,  combine  amongfl 
themfelves,  and  with  the  oxygen  of  the  arterial  blood.  Muf- 
cular motion,  therefore,  is  productive  of  an  aqueous  fluid, 
as  fweat,  carbonic  acid,  nitric  acid,  oxyd  of  phofphorus, 
ammonia,  foda.  The  Galvanic  fluid  being  decompofed, 
or  rendered  latent  by  contraction,  and  the  chemical  phae- 
nomena  that  accompany  it,  the  particles  of  the  mufcle 
reenter  the  fphere  of  their  primitive  attraction. 

If  the  Galvanic  fluid  is  carried  away  without  the  direc- 
tion of  the  will  (as  is  the  cafe  in  difeafes),  and  in  too 
great  quantity  to  one  part,  it  gives  rife  to  fpafm  and  con- 
vulfion,  which  laft  has  been  put  a  ftop  to  by  the  touch  of 
metallic  fubflances,  which,  being  conductors  of  the  Galva- 
nic fluid,  diflipate  it.  It  is  upon  this  principle^  according 
to  Humboldt,  that  Pcrkintfm  is  founded,  or  the  method 
of  curing  difeafes  by  metallic  points.  Dr.  Rafn  of  Co- 
penhagen has  publifhcd  a  book  on  this  fubje&.  The 
manner  of  ufing  them  is  to  prefent  them  to  the  difeafed 
part,  and  relief  is  faid  to  have  been  the  confequence.  The 
metallic  points  are  commonly  made  of  fteel  or  filvcr,  and 
are  ufed  in  different  manners.  If  by  thefe  the  patient  has 
jn  reality  been  relieved,  it  may  be  fuppofed  to  have  arifen 

from  dhninifhingor  increafing  the  Galvanic  fluid  in  the 
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-part  relieved ;  and  it  is  perhaps  on  the  fame  principles 
that  magnetic  plates  have  produced  the  good  effects  on 
applying  them  in  the  fame  manner  to  the  difeafed  part, 
if  it  be  true  that  cures  have  been  effected  by  them. 

Mufcular  motion,  from  what  has  been  faid,  always 
•fuppofes  an  abundant  emiffion  of  the  Galvanic  fluid,  and 
■the  fame  is  the  cafe  with  all  the  other  functions.  Thus 
digeftion  only  operates  by  the  Galvanic  fluid,  which  ren- 
ders the  gaftric  powers  active.  Thought  alfo  equally  re- 
quires the  Galvanic  fluid,  which  is' conveyed  to  the  place 
where  it  is  to  be  put  into  execution  :  hence,  in  the  time  of 
digeftion, '  it  is  to  be  fuppofed  that  thought  either  cannot 
take  place,  or  that  it  mould  turn  the  Galvanic  fluid  elfe- 
-  where,  and  the  digeftion  be  difturbed.  And  as  thought 
iikewife  requires  a  great  deal  of  Galvanic  fluid  in  the  think- 
ing organ,  it  is  neceffary  that  all  the  other  motions,  except 
the  vital,  be  fufpended,  or  thought  cannot  be  made  freely. 

On  this  hypothefis,  therefore,  the  different  animal  func- 
tions are  a  feries  of  continual  combinations  made  in  the 
body. 

The  chief  principles  of  the  animal  fibre,  according  to 
the  ingenious  philofopher  Daw,  appear  to  be  nitrogen,  Pavy. 
hydrogen,  carbon,  oxygen,  and  light.  He  thinks  the  im- 
mediate caufe  of  irritable  action  to  be  mod:  probably  the 
combination  of  the  oxygen  with  the  hydrogen  and  carbon 
forming  water  and  carbonic  acid,  and  liberating  the  azot 
and  electric  fluid  ;  fince  it  is  certain  that  water  and  car- 
bonic acid  are  liberated  during  mufcular  action ;  and  pro- 
bably azot,  and  light  in  it's  condenfed  flate  elect. ric  fluid ; 
as  it  is  well  known  that  the  torpedo  and  fome  other  ani- 
mals give  out  the  electric  fluid  during  animal  action.  He 
thinks  that  in  man  the  quantity  is  probably  too  fmall,  and 
too  (lowly  liberated,  to  be  afcertainable.  He  looks  upon 
the  laws  of  mind  to  be'moft  probably  not  different  from 
the   laws  of  corpnfcular  motion  }  that  every  change  in 
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our  fenfations  rnuft  be  accompanied  with  fome  corre- 
fpondent  change  in  the  organic  matter  of  the  body  ;  but 
thefe  changes  an  extend ve  and  philofophic  chemiftry 
mull  enable  us  to  find  out ;  that,  by  the  difcovery  of  them, 
we  fhould  be  informed  of  the  laws  of  our  exiftence,  and 
probably  enabled  in  a  great  meafure  to  deftroy  our  pains 
and  increafe  our  pleafures.  Thus  would  the  fcience  of 
chemiftry  become  the  moft  fublime  and  important  of  all. 

Tra&atus  de  Natura  Subftantice  energetica,  feu  de  Vit« 
Natura,  a  Francifco  GlifTonid.  London,  1672.— The 
Connexion  of  Life  with  Refpiration,  &c.  by  Edmund 
Goodvvyn,  M.  D.  p.  99*  London,  1788. — Memoire  fur 
rirritabilite,  confidereo  comme  Principe  de  Vie  dans  la 
Nature  organifee,  par  M.  Girtanner. — Journ.  de  Phyf. 
1790. — VeTfuch  liber  die  Lebenfkraft,  von  J.  D.  Brandis. 
Hanover,  1 795. — De  la  Metherie,  in  his  Journal  de  Phy- 
fique,p.  32.  torn.  48.  Paris,  1799. — Hufeland  die  Kunft 
des  Menfchliche  Leben  zu  verlangern.  Jena,  1798. — Ver- 
fuche,  &c.  nebft  vermuthungen  iiber  den  Chemifchen 
Procefs  des  Lebens,  &c.  von  F.  Alex,  von  Humboldt. 
2  vols.  Berlin,  1799.-^-Obfervations  concerning  the  Vital 
Principle,  by  John  Ferriar,  M.  D.  Manchefter  Memoirs, 
vol..  iii.  p.  216. — Three  Lectures  upon  Animal  Life,  by 
Benjamin  Rufli,  M.  D.  Philadelphia,  1799. 
Refpiration.  Refpiration, — The  procefs  which  nature  employs  to 
oxygenate  the  blood,  by  means  of  the  lungs,  is  called  re- 
fpiration ;  a  function  not  only  enjoyed  by  the  animal,  but 
alfo  iu  fome  degree  by  the  vegetable  creation ;  and  fo  ef - 
fential  is  it  to  life,  that  wherever  vital  organization  is 
fonnd  to  exift  there  is  no  exception  to  the  general  rule. 
Compofed  This  function  is  compofed  of  two  actions;  the  dilatation 
mis,  infpi-  of  the  thorax,  by  which  a  quantity  of  air  is  received  into 
the  lungs ;  and  it's  contraction,  by  which  the  air  is  expelled 
from  them  :  and  thefe  two  actions  take  place  alternately. 
According  to  the  prefent  theory  of  refpiration,  infpiratioa 


lation  and 
expiration 
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is  the  means  of  communicating  the  oxygen  of  the  air  to 
the  blood,  which,  in  confequence,  is  changed  from  a  dark 
*o  a  fluid  red  colour,  and  there  is  an  extrication  of  caloric 
producing  animal  heat.  Expiration,  on  the  contrary,  is 
found  to  convey  what  might  be  hurtful,  fuch  as  fixed  air 
and  aqueous  vapour  out  of  the  lungs. 

In  all  animated  beings,  the  final  intention  of  this  func- 
tion is  the  fame  ;  but  on  examining  the  parts  in  different 
clafles  of  animals,  the  organs  by  which  refpiration  is 
produced  are  exceedingly  varied.  On  taking,  however, 
a  general  view,  perhaps  the  mod  fimple  divifion  of  the 
refpiratory  organs  will  be  the  following. 

1.  Lungs,  as  in  man  ;   quadrupeds  of  the  two  orders  ;  Divifion  of 
birds;  and  the  cetaceous  clafs.  *  eGrs*^' 

2.  Gills,  as  in  fifhes. 

3.  Stigmata,  or  holes  in  different  parts  of  the  body,  as 
in  infe&s. 

Of  thefe  three  fpecies  there  are  great  varieties  of  form, 
but  the  office  in  which  they  are  employed  is  the  fame; 
thus  the  varieties  of  the  firfl  and  laft  fpecies  of  refpiratory 
organs  communicate  the  oxygen  to  the  blood  by  the  at- 
mofphere,  whilft  thofe  of  the  fecond  fpecies  communicate 
it  by  water. 

There  are  two  observations  which  fiave  been  made 
upon  the  refpiratory  organs  of  animals. 

I.  The  quantity  of  blood  is  found  to  be  in  a  given  ratio  ObMm. 

i  c  cl-  r    »     •  r  •       •  iit*'ii-ifi«i  tionson  the 

to  the  perfection  of  their  refpiration,  whilft  the  difference  diffwentoi-, 
of  the  circulatory  organ  or  heart  is  always  in  a  ratio  to  S«^J*' 
that  obferved  in  the  refpiratory  organ  ;  both  of  thefe  func- 
tions undergoing,  in  fome  meafure,  a  gradual  degenera- 
tion in  the  different  claffes  of  animals,  and  the.  animal 
heat  keeps  the  fame  ratio  ;  hence  a  fcale  may  be  formed 
oi  thefe  gradations  in  the  following  manner. 


JS 


1.  Quadrupeds.  2.  Ceta- 
cca.  3.  Bird%. 


Blood  in  large  quantity, 
and  hot. 

Two  ventricles  in  the 
heart. 


Rcfpire  by  lungs,  and 
frequently. 
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4.  Ovip.  Quad.  5.  Ser- 
pents   6    Fifties. 

Blood  in  l'mall  quantity, 
and  nearly   cold. 


One  ventricle. 


Refpire  at  long  inter 
vals;  fome  by  lungs, 
others  by  gills  in  their 
imperfect    ftate,   and 
others  always  by  gills. 


7.  Infers.  8.Worrn3. 


A  white  liquor  inftead 
of  blood. 


Heart  ofdifferent  forms, 
or  unknown. 


Refpire  by  ftigmata,  or 
by  unknown  means. 


1.  Of  quadrupeds,  cetacea,  and  birds,  the  laft  have 
the  moll  extenlive  lungs,  and  they  are  found  to  exceed  the 
two  other  orders  in  poffefling  a  higher  temperature;  but 
this  perfection  of  their  refpiration,  as  it  has  been  called, 
has  it's  di  fad  vantages;  and  they  are  the  firft  to  feel  the 
bad  effects  of  noxious  airs,  which  have  been  proved  by 
experiment  to  be  fooner  fatal  to  them  than  to  the  others. 

Q.  Oviparous  quadrupeds,  ferpents,  and  fillies,  have  their 
blood  Hill  lefs  warm,  their  lungs  fmaller;  and  whether  gills 
or  lungs,  a  fmaller  quantity  of  oxygen  is  of  courfe  commu- 
nicated to  their  blood,  which  is  lefs  in  quantity  than  in  the 
before-mentioned  orders.  Of  the  oviparous,  who  can  (lop 
tjieir  refpiration  for  forty  or  fifty  minutes,  and  upon  which 
animals  experiments  have  been  made,  they  are  found  to 
refill  even  carbonic  acid  gas  for  a  great  length  of  time,  and 
do  not  die  in  lefs  than  fifty  minutes  ;  a  fmall  portion  of 
blood  only  paffes  through  their  lungs,  the  reft  being  con- 
yeyed  immediately  from  one  ventricle  to  another.  Fifties 
have  likewife  lefs  blood  in  proportion  to  their  bulk  than 
quadrupeds,  which  agrees  very  well  with  their  imperfect 
refpiratory  organs.  In  thefe,  however,  there  is  great  va- 
riety. Thus  the  cartilaginous  fpecies  of  fifties  that  have 
their  refpiratory  organs  more  extended  than  others  have 
likewifii  a  larger  proportion  of  blood.  The  pike,  alfq, 
the  organs  of  which  are  more  complete  that  thofe  of  the 
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carp,  contains  more  blood,  but  cannot  live  fo  long  out 
of  water ;  and  the  carp,  refpiring  in  a  more  perfect  man- 
lier than  the  eel,  is  likewife  furnifhed  with  more  blood. 

3.  With  refpect:  to  infects  the  difference  is  more 
ftriking  ;  .their  heart  is  membranous,  fcarcely  fufceptible 
of  motion,  and  inftead  of  lungs  they  have  only  veffels 
diftributed  to  different  parts  of  the  body.  Their  blood, 
if  it  can  be  fo  called,  has  not  that  red  colour  which  cha- 
racterizes that  fluid  in  other  animals ;  but  they  are  very 
tenacious  of  life,  and  are  not  eafily  deftroyed  on  refpiring 
noxious  airs.  Thus,  according  to  Young,  animals  of 
this  order,  as  wafps,  &c.  when  expofed  to  carbonic  acid 
gas,  although  they  become  torpid  at  firft,  foon  recovered 
from  their  lethargy,  and  appeared  to  fuftain  the  effects  of 
the  air  without  any  inconvenience. 

II.  The  fecond  obfervation  which  has  been  made  re- 
flecting the  organs  of  refpiration  is,  that  the  more  per-  s 
feet  refpiration  is,  the  more  are  it's  organs  concealed. 
Thus  birds,  whofe  refpiration  is  fo  perfect,  at  leaft  ac- 
cording to  Brouffbnet,  have  the  air  conducted  even  into 
the  cavities  of  the  greater  part  of  their  bones  ;  aad  con- 
fequently  their  organs  are  more  internally  fituate  than 
thofe  of  quadrupeds,  in  which  the  lungs  only,  defended  by 
the  thorax,  are  more  concealed  than  thofe  of  the  oviparous 
tribes,  therefpiratory  organs  of  which  are  placed  externally 
during  the  firft  period  of  their  life,  and  internally  the  re- 
maining part,  when  their  metamorphofis  obliges  them  to 
breathe  the  atmofpheric  air.  The  organs  of  fifties,  or 
their  gills,  are  nearly  uncovered,  and  may  be  feen  with- 
out deftroying  or  taking  away  any  part  \  but  as  they 
breathe  in  a  more  perfect  manner  than  the  mollufca  and 
aquatic  fhell-fifh,  their  organs  are  even  more  concealed  \ 
in  which  laft  they  are  moil  commonly  fituate  externally, 
and  are  perfectly  expofed.  It  is  in  thefe  that  this  func- 
tion appears  to  be  nearly  effaced ;  and,  in  order  to  dif- 
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cover  it,  we  can,  in  general,  be  guided  only  by  ana- 
logy.    In  the  vegetable  tribes  the  leaves  are  their  refpira- 
tory  organs,  and  are  only  of  ufe  during  a  part  of  the 
Knowie<^e  year  :  in  winter  they  are  deprived  of  them.  The  abfolute 
i.ems  oil"    neceffity  of  breathing  muft  certainly  have  been  known  to 
ibis  fubjtft.  the  earliell  ages  of  antiquity  :  it's  great  importance  feems 
even  to  have  been  acknowledged  by  Mofes  : — "  And  the 
"  Lord  God  formed  man  of  the  dull  of  the  ground,  and 
C(  breathed  into  his  noftrih  the  breath  of  lifey  and  man  be- 
"  came  a  living  foul.1*  Gen.    ii.  7.— But  the  difcovery  of 
it's  ufe,  and  more  particularly  the  procefs  which  is  car- 
ried on  in   the   fyftem  during  refpiration,  is,  like  mod 
other  difcoveries  of  the  firft  magnitude,  only  of  modern 
date  -j  nor  could  the  ancients  have  been  capable  of  form- 
ing any  tolerably  precife  idea  of  the  fubjeel:,  from  their 
ignorance  of  the  nature  of  the  atmofphere  itfelf.    We  are 
informed  by  Diodorus  Siculus,  it  was  an  opinion  amongft 
the  ancient  Egyptians,  that  the  atmofphere  was  incorrup- 
tible ;  that  it  was  of  fuch  extent  as   to  reach  even  unto 
Heaven ;  that  it's  mod  important  office  was  in  concurring 
towards  the  generation  of  all  animals ;  and  it  appears, 
from  the  epithet  of  Glaucopis,  which Nthey  gave  to  the 
goddefs  of  the  air,  that  they  confidered  the  blue  firma- 
ment as  peculiar  to  it's  colour.  This  opinion  of  air  being 
the  principle  of  all  bodies  was  fupported  by  many  Greek 
philofophers,  fuch  as  Anaximenes,  Diogenes  of  Apol- 
lonia,  and  A  rchelaus  the  mailer  of  Socrates.     From  the 
nature  of  air  being  fo  little  underftood,  it  cannot  be  fnp- 
pofed  that  their  notion  of  refpiration  could  be  very  exact  5 
and  we  are  informed  that  Empedocles  was  of  opinion  it 
was  brought  about  principally  by  the  nofe,  and  that  it  was 
determined  by  the  void,  which  the  motion  of  the  blood 
alternately  operated  in  a  part  of  the  veins. 

Notwith landing  the  imperfect  knowledge  of  the  an- 
cients refpe^ting  this  function,  they  knew  very  well  how 
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indifpenfable  the  neceflity  of  air  was  to  the  fupport  of  life, 
that  neither  animal  nor  plant  could  live  without  it.  They 
knew  that  when  animals  had  remained  a  certain  time  in 
a  given  quantity  of  atmofpherical  air,  they  began  to  lan- 
guidly and  become  to>  all  appearance  fleepy ;  that  this  fleep 
was  at  firft  peaceable,   but  was  foon  followed  by  great 
agitation ;  that  refpiration  then  became  difficult  and  pre- 
cipitate, and  that  death  fucceeded  in  convulsions.    Thefe  Ariftotle. 
facts  were  well  known  to  Ariftotle,  Eriftratus,  and  Are- 
taeus.    Hippocrates  reckoned  air  a  fpecies  of  aliment  that  Hippocr*- 
was  neceffary  to  the  animal  fyftem.     The  opinion,  how- 
ever, which  appears  to  have  prevailed  the  longeft  and  mod 
univerfally  amongft  the  ancients,  was,  that  refpiration  is 
chiefly  intended  to  temper  the  blood,  and  carry  off  the 
fuliginous  vapours  with  which  it  is  loaded  by  the  vital  fire 
conftantly  kept  up  in  the  heart.     This  hypothec's  was 
ftrongly  fupported  by  Galen.     Four  ages  after  Ariftotle  Galea. 
we  find  the  knowledge  of  this  fubject  fcapcely  any  fur- 
ther advanced.     Pliny  calls  the  air  the  vital  fpirit,  and  Pliny. 
Cicero  affirms  that  the  heart  imbibes  a  fpirit  from  the  air.  Cicero. 
Among  the  moderns,   Defcartes  revived  the  hypothefis  Defcartes. 
which  Galen  had  fo  well  fupported,  and  maintained  the 
fame  vital  fire  in  the  heart,   fuppofing  that  air  was  ne- 
ceffary to  cool  and  condenfe  the  blood.     Borelli  reckons  BoreiH. 
the  great  ufe  of  refpiration  to  confift  in  the  admiffion  and 
mixture  of  air  with  the  blood,  in  order  to  inform  thofe 
elaftic  globules  of  which  it  is  compofed,  to  give  it  it's  florid 
rednefs,  and  to  prepare  it  for  many  purpofes  of  the  animal 
ceconomy.     Bathier  was  of  opinion  that,  during  refpira-  Bathier. 
tion,  the  more  fubtile  and  elaftic  particles  of  the  air  were 
imbibed,  and  the  cruder  part  expelled  through  the  pores 
of  the  pulmonary  arteries  into  the  trachea.     Van  Hel-  Van  Hel* 
mont  afcribed  the  volatility  of  the  fixed  elements  in  the 
food  to  this  air ;   and  Stephen fon  thought  that  the  air 
•which  had  circulated  in  the  blood,  and  which  had  heated 
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Boyle*  it  too  much,  was  exhaled  by  the  lungs.  Boyle  artel  others 
thought  that  the  air  itfclf  is  not  admitted  to  the  blood,  but 
that  fome  active,  fpirituous,  and  ethereal  particles  were 
communicated  to  it ;  that  this  vital  fpirit  paflTes  from  the 
lungs  to  the  heart  and  arteries,  and  at  length  becomes  the 
animal  fpirits,  which  are,  by  this  means,  generated  by 
the  air.  Thofe,  on  the  contrary,  who  did  not  admit  that 
the  animal  fpirits  are  derived  from  the  air,  flill  fay  that 
fome  other  vital  principle  comes  from  thence.  This  vital 
principle,  imbibed  from  the  air,  Malpighi  calls  a  faline 
vapour ;  Lifter,  an  inflammable  fulfureous  fpirit  $  Vieuf-. 
fens,  a  volatile  acid  fait,  which  keeps  up  the  fermenta- 
tion of  the  blood ;  and  Bryan  Robinfon,  that  it  is  the  aerial 
acid  which  preferves  it  from  putre faction,  and  gives 
flrength  to  the  animal  fibres.  Hence  he  fuppofes  it  is 
that  we  feel  ourfelves  refreflied  in  cold  air,  as  it  abounds 
with  a  more  acid  quality.  But  of  all  the  opinions  that 
have  been  given  refpecting  the  function  of  refpiration, 

Mayow.  the  theory  of  Ivlavow  is  the  moft  deferving  of  attention. 
,  This  celebrated  philofopher  lived  about  the  middle  of 
the  17th  century.  lie  was  contemporary  with  Boyle, 
Lower,  and  Willis ;  and  fo  acute  was  his  obfervation  of 
natural  ph  sen  omen  a,  and  fojuft  his  judgment  on  the  caufea 
which  produced  them,  that,  with  refpect  to  refpiration, 
Dr.  Beddoes  has  very  properly  obferved  he  has,  in  fome 
meafure,  anticipated  the  difcoveriesoftheprefentday.  His 
works  give  an  account  of  the  ufe  of  the  air  in  combuftion 
and  refpiration,  or  it's  diminution  and  abforption  by  them. 
They  affert,  in  a  very  clear  and  pofilive  manner,  the  ab- 
forption of  one  part  of  the  air  by  the  blood,  which  he 
calls  the  vital  part,  as  well  as  the  warmth  of  this  fluid 
produced  by  this  abforption,  or  by  the  prefence  of  air  in 
the  lungs.  Mavow  has  likewife  mown  that  the  red  co- 
lour of  the  blood,  and  the  change  of  the  venous  into  ar- 
terial blood,  depend  entirely  on  the  contact  of  the  atmo- 
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fpheric  air;  and  had  he  known  how  to  have  extracted  the 
vital  air  of  the  atmofphere  from  the  fubftances  that  ab- 
forbed  it,  had  he  but  known  it's  properties  when  in  it's 
pure  and  ifolated  (late,  he  would  have  eftablifhed  all  the 
principles  of  the  prefent  theory  of  combuftion,  refpira- 
tion, and  the  formation  of  acids,  general  ideas  of  which 
are  to  be  found  in  his  works. 

It  appears  from  thefe,  that  120  years  ago  he  had  ima- 
gined an  apparatus  by  which  he  could  determine  that  the 
air  was  in  part  fixed,  ordiminifhed,  and  abforbed  by  com- 
buftion and  refpiration ;  that  thefe  two  phenomena  acted 
upon  it  in  the  fame  manner ;  and  that  there  was  only  one 
part  of  the  air,  the  moft  fubtile  and  elaftic,  which  may 
be  called  vital,  and  that  ferved  both  for  inflammation  and 
refpiration.  "  What  confirms  our  hypothecs,"  fays  he, 
Ct  is,  that  the  air,  on  coming  from  the  lungs  of  animals, 
U  is  found  diminifhed  in  it's  elaftic  force  on  account  of  it's 
"  nitro-aerial  principles  being  exhaufted  by  refpiration  : 
"  thefe  experiments  will  prove  the  laft  afTertion.  Attach 
"  a  wet  bladder  to  the  circular  edge  of  the  orifice  of  a 
"  vefTel,  like  a  fkin  extended  on  a  drum  j  place  a  fmall 
"  cupping- vefTel  containing  a  moufe  upon  this -bladder, 
"  and  load  it  with  a  weight  to  prevent  the  animal  over- 
<(  throwing  it.  A  few  inftants  afterward  you  will  fee  the 
"  cup  adhering  ftrongly  to  the  bladder,  and  this  pufhed 
"  into  the  veflel  as  if  the  flame  had  been  under  it.  This 
*'  phenomenon  will  take  place  whilft  the  animal  ftill 
<fc'  breathes.  If  you  attempt  to  take  away  the  cup,  you  « 
<:  will  raife  at  the  fame  time  the  bladder,  which  ftrongly 
u  adheres  to  it,  and  with  it  the  vefTel  it  covers,  unlefs  it 
cc  be  too  heavy  :  and,  in  effect,  a  moufe  put  into  a  cup- 
"  ping- vefTel,  and  applied  to  the  fkin,  is  able  to  fupply, 
"  to  a  certain  point,  the  flame  which  it  is  cuftomary  to 
*<  produce  in  it.     The  refult  certainly  is,  that  the  elaf- 
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ticity  of  the  air  contained  in  the  veflel  has  been  dimi- 
niflied  by  the  refpiration  of  the  animal,  in  fuch  a  man- 
ner as  no  Ionizer  to  fuftain  the  preflure  of  the  atmo- 
fpherc. 

"  To  give  a  better  conception  of  this  refuh,  we  (hall 
add  another  experiment  analogous  to  it,  which  will 
ferve  to  determine  what  fraction,  what  part  of  the  air, 
deprived  of  it's  vital  particles  by  refpiration,  is  diminifh- 
ed  in  it's  volume.  An  animal  is  to  be  placed  in  an  in- 
verted glafs,  or  fufpended  in  a  prifon  or  grate  at  the 
top  of  a  glafs  cucurbit :  the  orifice  of  the  cucurbit  is 
then  placed  in  a  jar,  and  plunged  into  water,  in  fuch  a 
manner  as  this  may  rife  to  the  fame  height  as  externally, 
which  may  be  attained  by  the  affiflance  of  a  crooked 
fyphon  already  defcribed  :  the  exterior  water  is  to  be 
fomewhat  voided,  fo  that  the  water  in  the  cucurbit  may 
be  better  fecn  ;  the  height  of  which  is  to  be  marked  by 
a  paper  glued  upon  the  outfkle  of  the  veflel.  The 
water  foon  rifes  in  the  cucurbit,  and  continues  to  rife 
by  degrees,  although  the  heat  produced  by  the  animal, 
and  the  exhalations  produced  from  it's  body,  would  feem 
to  produce  a  contrary  effect.  In  order  to  terminate  the 
contraction  the  air  in  the  veflel  undergoes  before  it  is 
become  incapable  of  fupporting  the  life  of  the  animal, 
the  following  method  may  be  employed  :  the  fpace  oc- 
cupied by  the  air  is  to  be  meafured  at  the  moment  the 
moufe  is  introduced,  and  afterward  that  to  which  it  has 
been  reduced  after  the  fufTocation  of  the  animal,  and 
the  afcent  of  the  water,  which  is  done  by  the  volume 
of  water  employed  to  fill  thefe  fpaces  :  leaving  the  ap- 
paratus in  the  fame  ftate,  the  height  of  the  iirfl;  fpace 
above  the  fecond  is  then  to  be  calculated,  and  the  dif- 
ference is  the  meafure  of  the  volume  and  of  the  elafticity 
dimmifhed  by  the   refpiration   of  the   animal.     I  am 
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<f  allured  by  different  experiments  made  with  different 
<c  animals,  that  the  air  lofes  about  one  fourteenth  of  it's 
"  volume  by  refpiration. 

"  It  is  then  very  evident,  that  animals  in  refpiring  abforb 
ff  certain  vital  and  elaftic  particles  from  the  air.  There  is 
"  no  doubt  but  that  there  enters,  by  refpiration,  fome- 
*f  thing  aerial  into  the  blood  of  animals  which  is  neceffary 
fi  to  life*  It  is  not  only  for  the  attrition  of  the  blood  that 
"  the  lungs  and  their  functions  are  deftined,  &c.  nor  is 
M  it  certain  whether  this  aerial  principle  is  abforbed  by 
te  the  capillary  tubes,  or  the  extremities  of  the  fanguineons 
"  vefTels :  but  the  air  is  not  Ms  deprived  of  it's  elafticity 
(C  by  refpiration  than  by  combuftion  ;  -and  there  is  reafon 
H  to  believe  that  animals  take  particles  of  the  fame  fort 
"  as  fire  does  from  the  air,  as  the  following  experiment 
ic  proves. 

"  If  an  animal  and  a  lamp  be  enclofed  in  a  glafs  veffel 
(i  which  has  no  communication  with  the  external  air, 
"  which  is  eafily  done  by  inverting  this  vefTel  into  water, 
"  the  light  will  foon  be  extinguished,  and  the  animal  will 
<f  not  refift  a  long  time  this  cruel  torch,  taedae  ferali.  I 
{(  have  found  by  obfervation,  that  an  animal  enclofed  in  the 
"  fame  glafs  with  a  lamp  does  not  breathe  longer  than 
"  half  the  time  it  would  have  done  if  alone:  It  is  not  the 
"  fmoke  which  fuffocates  it  5  for  fpirit  of  wine,  that  affords 
"  no  fmoke,  produces  the  fame  effect :  but  the  air,  yield- 
C{  ing  it's  nitro-aerial  particles  to  the  flame,  can  no  longer 
"  furnifli  the  animal  with  them.  This  has  no  occafion 
"  for  fo  many  igneo-aerial  particles  as  the  lamp  ;  for  the 
"  lungs,  as  it  were,  go  in  fearch  of  them  to  abforb  them : 
"  as  to  the  flame,  it  is  necellary  for  them  to  be  near  it, 
"  prefent  themfelves,  and  be  inceflantly  renewed  :  hence 
"  the  animal  exifts  fome  time  after  the  extinction  of  the 
"  lamp,  and  when  the  aerial  particles  arealmoft  entirely 
"  exhaufted.     It  is  on  that  account  that  the  air  in  which 
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"  the  animal  is  fuffocated  undergoes  more  than  twice  the 
ec  diminution  of  that  in  which  a  candle  is  extinguished, 
"  as  has  been  feen.  I  have  tried  in  vain  to  light  again,  by 
<c  the  afliftanecof  a  burning  glafs,  the  combuilible  matter 
"  contained  under  the  fame  veffel  as  the  animal  that  had 
"  expired  ;  and  although  it  is  poffible  that  the  foggy  feafon 
"  of  the  winter  may  have  produced  fome  incertitude  in 
€e  this  experiment,  it  is  not  lefs  probable  that  the  air 
"  which  is  no  longer  proper  to  fupport  the  life  of  animals 
"  is  no  longer  fo  to  fupport  flame,  fince  more  aerial  par- 
"  tides  are  neceffary  for  the  inflammation  of  the  lamp 
iC  than  for  refpiration  :  it  is  however  not  to  be  concluded 
"  from  hence  that  the  mafs  of  blood  is  in  a  real  combuf- 
"  tion." 

He  alfo  obferve-,  that  mice  and  birds  placed  towards 
the  fuperior  part  of  the  cucurbit  died  fooner  than  thofe 
in  the  inferior  part ;  and  that  in  the  firft  cafe  the  water 
did  not  rife  fo  high.  He  obferves,  jthat  if  two  animals  be 
put  at  the  fame  time  into  the  fame  veffel,  the  one  in  the 
top  part  and  the  other  below,  the  firft  foon  dies,  and  the 
other  furvives  it  for  fome  time ;  from  which  he  concludes 
that  the  air,  deprived  of  it's  nitro-aerial  particles,  is  be- 
come lighter,  and  that  the  part  of  it  which  dill  preferves 
them  occupies  the  inferior  part  of  the  veffel.  He  fays, 
therefore,  that  an  animal  which  begins  to  fuffer  from 
want  of  air  raifes  it's  head  towards  the  upper  part  of  the 
veffel ;  but  finding  itfelf  more  affected  in  this  place,  it  im- 
mediately plunges  it's  head  below  again,  and  keeps  it  fixed 
at  the  bottom.  He  applies  the  fame  remark  to  a  candle, 
which,  when  carried  to  the  top  of  the  veffel,  is  extin- 
guifiied  much  fooner  than  below,  becaufe  the  air  be- 
comes incapable  of  fupporting  the  flame;  and  fince  it  is 
become  at  the  fame  time  lighter  than  the  atmofpherical 
air,  it  is  pufiied  towards  the  top  of  the  cucurbit,  and  not 
permitted  to  depart;  which  proves  that  the  air  is  deprived 
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of  certain  folid  and  heavy  particles  by  inflammation  and 
refpiration,  fince  it  acquires  lightnefs  on  coming  from  the 
flame  and  the  lungs. 

He  likewife  obtained,  without  knowing  it,  nitrous  air 
or  gas  (by  the  means  of  iron  wire  and  the  nitrous  acid)  ; 
and  having  obferved  the  diminution  of  air  by  this  gas,  he 
with  reafon  compares  this  effect  to  that  produced  by  can- 
dles and  refpiration,  fifty  years  before  Hales  had  obferved 
the  fame,  and  a  century  previous  to  the  difcovery  of 
Prieftley  refpecting  nitrous  air,  and  it's  property  of  form- 
ing nitrous  acid  with  the  vital  air  of  the  atmofphere.  He 
is  of  opinion,  that  the  nitro-aerial  fpirit  is  condenfed  in 
the  fame  manner  by  the  blood  as  by  the  iron-wire  in  the 
nitrous  acid  (by  which  he  procured  the  gas),  /.  e.  by  fer- 
mentation :  hence  it  is  to  the  fanguineous  fermentation  that 
he  attributes  the  fame  condenfation  in  refpiration.  He 
thinks  that  the  fermentation  of  the  blood  is  produced  by 
the  condenfation  of  the  nitro-aerial  fpirit,  -and  this  con- 
denfation by  the  fermentation  of  the  blood  ;  for,  the  par- 
ticles of  this  fpirit  once  condenfed,  he  admits  their  intro- 
duction into  the  mai's  of  the  blood ;  and  to  thefe  he  at- 
tributes it's  red  colour,  it's  heat,  and  fluidity.  It  is  on  this 
account,  he  fays,  that  the  blood  is  black  in  that  part  which 
does  not  touch  the  air,  and  very  red  in  that  part  which 
is  in  contact  with  it;  that  the  venous  blood  is  black,  and 
the  arterial  of  a  fplendid  red  ;  that  violent  exercife  heats, 
by  multiplying  the  infpirations;  that  a  perfon  becomes 
warmer  by  voluntarily  increafing  his  refpiration  ;  that  the 
fevers  of  confumptive  people  arife  from  the  force  with 
which  the  pus  of  the  lungs  attracts  and  abforbs  the 
nitro-aerial  fpirit,  with  which  it  produces  a  great  fermen- 
tation ;  that,  venous  and  arterial  blood  being  placed  under 
the  vacuum  of  Boyle,  the  nrft  only  offers  a  few  blebs, 
whilft  the  fecond  is  totally  converted  into  foam.  He 
adds,  that  this  nitro-aerial  fpirit  gives  tfye  red  colour  to 
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bodies  in  which  it  exifls,  as  to  the  fuming  fpirit  of  nitre. 
He  compares  the  heat  produced  by  the  condenfation  of 
this  fpirit  in  the  lungs,  with  that  produced  by  pyrites  in 
efTervefccncc ;  and  he  attributes  the  vitriolization  to  the 
fame  caufe. 

Such  arc  the  principal  facts  which  Mayow  delivered  to 
pofterity,  at  a  time  when  the  fubjects  on  which  he  treated 
were  little  underftood,  and  his  experiments  ft  ill  lefs  fo, 
bv  the  age  he  lived  in.  No  philofophcr,   at  the  end  of  the 
lad  century,  had  given  any  theory  of  combuftion  and  re- 
fpiration,   or  any  account  of  the  analogy  between  thefe 
two  natural  phenomena ;  of  the  reciprocal  influence  be- 
tween them  and  the  air;  and  of  the   effects  produced  by 
this  fluid  compared  with   thofe  of  nitre  on   combuftible 
bodies,  \vi?h  fo   much  detail  and    fagacious  ingenuity  as 
this  phyfician.     His  works  form  an  epoch  in  the  annals 
of  refpi ration.  In  giving  Mayow  all  the  merit  due  to  him, 
it   appears,  however,   that   although  he  had  determined 
with  great  prccifion  the   ufe  of  the  nitro-aerial  fpirit  of 
the  atmofphere  to  be  to   warm   the   blood   and  give  it 
it's  brilliant  red  colour,  he  was   ignorant  whence   thefe 
phenomena  arofe,  and  how  the  air  contributed  to  it :  and 
although  thefe  nitro-aerial  and  igneo-acrial  particles  may 
he  looked  upon  as  the  vital  air  or  oxygen   gas  of  the 
moderns,  he   knew   nothing  of  it's   properties,  nor  the 
change  it  underwent  by  the  action  of  flame  and  refpira- 
tion.  Thefe  explanations  were  referved  for  Prieflley  and 
J/ivoifier. 
Malpighi.         Malpighi  has  been  already  mentioned.     It  was  a   re- 
ceived opinion,  that  one  ufe  of  the  lungs  was  to  attenuate 
the  blood  ;    and,  according  to  Malpighi,  the  different 
parts  of  the  blood  by  this  means  become  thoroughly 
mixed  together  ;  while  others   were  of  opinion,  that  the 
blood  is  condenfed  in  the  lungs  ;   and  others,  that  the  glo- 
prjes  and  all  the  finer  humours  receive  their  configuration 
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there.  Some,  without  confidering  the  air  as  of  any  other 
life  than  to  put  the  lungs  in  motion,  thought  that  heat  is 
produced  in  the  lungs  by  the  attrition  of  the  blood  in 
paffing  through  them.  The  red  colour  of  the  blood  has 
been  thought  by  fome  to  be  caufed  by  this  attrition  in 
the  lungs ;  but  Lower  refuted  this  notion,  chiefly  by  ob-  Lower, 
ferving  that  the  attrition  of  the  blood  is  greater  in  the 
mufcles,  from  which,  however,  it  always  returns  black. 
Whytt  thought  there  was  fomething  of  a  vital  and 
Simulating  nature  derived  from  the  air  into  the  blood. 
Sir  Ifaac  Newton  imagined  that  the  atmofpheric  air  might  -Newton. 
communicate  an  acid  vapour  to  the  blood  in  the  lungs, 
which  was  neceffary  to  keep  up  the  action  of  the  heart. 
According  to  Boerhaave,  air  which  has  not  been  changed  Boerluu\e. 
is  deadly;  not  on  account  of  heat,  rarefaction,  ordenfity, 
but  from  fome  other  occult  caufe. 

Dr.  Hales,  who,  if  we  except  Mayow,  has  thrown  Hales, 
more  light  on  the  doctrine  of  air  than  any  of  his  prede- 
cefTors,  was  equally  ignorant  -of  the  ufe  of  it  in  refpira- 
tion,  and  feems  to  have  adopted,  at  different  times,  dif- 
ferent ideas  of  it.  It  appears,  from  various  pafTages  in 
his  Statical  Experiments,  that  he  believed  the  red  parti- 
cles acquire  considerable  degrees  of  elaftic  vibrations,  if 
not  an  ete&rical  virtue,  in  paffing  through  the  lungs ; 
"  for  (fays  he),  while  by  the  extraordinary  frictions  they 
e<  undergo  they  are  much  heated  and  dilated,  they  are  at  the 
"  fame  time  refrigerated  and  contracted  by  the  frefti  air 
u  that  is  continually  taken  into  the  lungs  5  for  the  coats  of 
"  the  veficles  are  fo  extremely  thin,  that  thofe  two  fluids  are 
"  fuppofed  to  be  1- 1000th  part  of  an  inch  within  contact 
w  of  each  other  :  fo  that,  like  blended  liquors,  they  muft 
"  needs  have  a  confiderable  effect  upon  each  other  ;  the  air 
«  in  cooling  the  blood,  and  the  blood  in  warming  the  air." 
He  is  likewife  of  opinion,  that  the  red  colour  of  the  glo- 
bales  intimates  their  abounding  with  fulphur;  that  the 
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air  is  rendered  alkaline  by  breathing  ;  and  that  fuffbcation 
is  owing  to  the  collapfing  of  the  minute  veficles  of  the 
lungs,  in  confequence  of  the  confined  air  being  deprived 
of  elafticity,  and  the  contraction  occafioned  by  the  fti- 
mulating  fulphureous  vapour.  He  fays  the  venous  blood 
is  not  florid;  which  floridnefs  in  the  arteries  may  be  owing 
to  the  greater  velocity  with  which  it  partes  through  the 
lungs  than  other  parts  of  the  body;  for  blood  agitated 
much  in  a  clofed  veflel  was  obferved  to  become  very 
florid,  even  as  much  as  arterial :  but  the  great  purpofe 
of  the  lungs  is  to  refrigerate  the  blood. 

H.licr.  Haller,  after  giving  the  opinions  of  all  that  went  before 

him,  fays  that  the  ufe  of  the  lungs  is  partly  inhaling  and 
partly  exhaling ;  that  the  lungs  inhale  both  water  and 
air,  but  that  in  them- the  air  lofes  it's  elaftic  property,  fo  as 
to  be  eafily  foluble  in  water  or  vapour  ;  and  he  thinks  it 
probable  that  the  air  fervesas  a  cement  to  bind  the  earthy 
parts  together.  He  does  not  doubt  but  that  various  other 
matters,  mifcible  with  water,  are  inhaled  by  the  lungs; 
and  he  thinks  it  not  improbable  but  that  the  air  may  carry 
fome  electric  virtue  along  with  it.  The  principal  exhala- 
tion of  the  lungs  he  thinks  to  be  water,  abounding  with 
oily,  volatile,  and  faline  principles ;  and  thefe  oily  and 
foetid  vapours,  he  thinks,  are  the  fuligines  of  Galen  and 
the  ancients. 

Cigna.  Cigna,  in  a  work  De  Refpiratione,  takes  it  for  granted 

that  air  which  has  been  once  refpired  becomes  unfit  for 
further  refpiration,  becaufe  it  is  loaded  with  noxious  va- 
pours, to  be  known  by  their  foetid  fmell.  He  fays  that  air 
is  diminifhed  by  refpiration  ;  and  that  air  which  has  been 
breathed  fufTocates  by  means  of  the  irritation  it  occafions 
to  the  lungs,  by  which  the  bronchia,  and  the  lungs  them- 
felves,  are  contracted  fo  as  to  refift  the  entrance  of  the 
air ;  and  therefore  that  refpired  air  is  noxious  on  the  fame 
account  as  mephitic  vapours,  or  thofe  of  burning  fulphur  : 
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that  in  frequently  breathing  the  fame  air  it  becomes  fa 
loaded  with  thefe  vapours  as  to  excite  a  convulnon  of  the 
lungs,  and  thereby  render  them  unfit  for  tranfmitting  the 
blood.  He  fuppofes  that  air  enters  the  pores  of  the  blood, 
retaining  it's  elaftic  power  ;  and  that  it  continues  at  reft 
there,  becaufe  it's  endeavour  to  efcape  is  counteracted  by 
the  equal  preflure  of  the  ambient  medium.  This  air  he 
thinks  is  introduced  by  the  chyle,  and  never  by  the  way 
of  the  lungs,  except  when,  by  fome  means  or  other,  the 
equilibrium  between  the  air  in  the  blood  and  the  external 
air  is  loft.  If  the  external  air  be  rarer  than  the  internal, 
the  air  in  the  blood,  expanding  itfelf,  will  inflate  the  ani- 
mal, and  have  the  fame  erTe£t  as  air  introduced  into  the 
veins. 

Upon  the  whole,  he  concludes  that  the  principal  ufeof 
air  to  the  blood  is  to  preferve  the  equilibrium  with  the  ex- 
ternal air,  and  to  prevent  the  veffels  from  being  rendered 
unfit  to  tranfmit  the  blood,  on  account  of  the  external 
preffure;  whereas,  by  means  of  the  air  they  contain,  the 
fluids  move  in  their  proper  velfels  as  freely  as  in  vacuo, 
and  the  membranes  and  vifcera  alfo  ealily  Aide  over  each 
other.  With  refpecl:  to  the  ufe  of  the  lungs,  fince  he 
imagined  that  air  is  not  introduced  into  the  blood  by 
means  of  them,  he  thinks  that  becaufe  fuch  lungs  asthofe 
of  men  are  given  to  the  warmer  animals  only,  the  chief  / 

ufe   of  repiration  is    exhalation,  and  confequently  the 
cooling  of  the  blood. 

On  cafting  the  eye  over  the  variety  of  opinions  which 
for  fo  many  centuries  have  taken  place  of  each  other  re- 
fpe&ing  the  ufe  of  refpiration,  it  may  appear  fomewhat 
extraordinary  that  no  one  mould  have  been  fo  fortunate, 
if  we  except  Mayow,  as  to  conjecture  rightly  ;  but  this 
furprife  will  bediminifhed  onconfidering,  that,  before  any 
real  lightcould  be  thrown  on  this  obfcure  fubjecl:,  it  was  ne- 
peftary  that  the  nature  and  component  part  of  the  atmo- 
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fphere  we  breathe  mould  be  inveftigated  and  made  known. 
Some  chemical  philofophers  were  engaged  at    the  fame 
time  upon  this  interefting  fubject,  and  their  labours  upon 
the  air  and   the  different  gales  have  been  crowned  with 
Difcwery    fuccefs.     A  pure  aerial  principle  was  found  to  exift  in  the 
ras  m  the     air  much  about  the  fame  time  by  Dr.  Prieftley,  who  called 
•tuiop  ere.  \^dephlogiJlicaied  air  ;  by  Scheele,  who  named  it  empyreal 
air  ;  and  by  Lavoifier,  who  gave  it  the  name  of  highly 
refpir able  ox  vital  air  :    and  as  it  was  afterward   found  by 
the  French  chemifts  to  be  the  acidifying  principle  to  the 
balls  of  acids,  they  call  it  oxygen,  or,  in  it's  combination 
with  caloric,  oxygen  gas.     What  therefore  was  only  con- 
jectured by  Mayow   to  form  a  part  of  the  atmofphere, 
has  been  proved,  beyond  a  doubt,  to  be  the  great  agent  in 
the  office  of  refpiration  ;  and  as  Boyle,  Hales,  Black,  and 
Prieftley,  may   be  confiu'ered   as   the  firft  who  obferved 
with  accuracy  that  refpiration  exercifes  an  evident  action 
on  theatmofpheric  air,  that  it  diminiflies  it's  volume  and 
changes  it's  nature,  and  that,  in  a  very  fhort  fpace  of 
time,  the  fluid  made  ufe  of  by  this  function  lofes  the 
property  of  fupporting  any  longer  the  life  of  animals,   a 
clew   was  prcfented   to   the  chemical    phyfiologift   that 
would  lead  him  to  account  for  all  thefe  phenomena, 
fcahi'i  At  the  time  of  the  difcovery  of  oxygen,  as  compofing  a  " 

part  of  the  atmofphere,  the  prevalent  doctrine  was  that  of 
Stahl.  Bcceher  had  imagined  a  fubftance  to  exift  in  in- 
flammable bodies,  which  is  the  principle  of  inflammability, 
and  which  is  called  phlogi/lon;  and  the  genius  of  Stahl 
had  matured  this  into  a  theory,  by  which  he  accounted 
foralmoft  every  chemical  phenomenon.  The  phlogiflic 
fluid  was  either  imbibed  by  or  extricated  from  every  thing. 
The  fectaries  of  Stahl  applied  this  doctrine  to  explain  the 
effects  of  refpiration  ;  and  they  fuppofed  that,  during  the 
action  of  this  function,  a  certain  quantity  of  phlogifton 
was  exhaled  from  the  blood  as  it  palled  through  the  lungs, 
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which  they  faid  phlogifticated  the  refpired  air  in  the  fame 
manner  as  they  had  admitted  it's  phlogiftication  by  com- 
buftion,  the  calcination  of  metals,  and  other  proeeffes 
which  they  called  phlogiftic. 

Amongft   thefe  philofophers  was  Dr.  Prieftley.     HerJr.Pneft. 
informs  us,  that  the  property  in  the  air  which  contributes  ey" 
to  the  fupport  of  life,  and  the  reafon  that  air  which  has  been 
much  refpired  will  no  longer  ferve  that  purpofe,  were  not 
difcovered  by  any  body ;  and  they  might  have  continued  to 
elude  all  dirett  invejiigation,  when  they  difcovered  them- 
felves  in  the  courfe  of  experiments  upon  airs  which  had  at 
firft  quite  another  object.   According  to  this  philofopher, 
in  the  experiments  it  clearly  appears,  that  refpiration  is  a 
phlogiftic  procefs,  affecting  air  in  the  very  fame  manner 
as  every  other  phlogiftic  procefs,  fuch    as  putrefaction, 
the  effervefcence  of  iron  filings  and  fulphur,  or  the  calci- 
nation of  metals,  affects  it,  diminishing  the  quantitv  of 
it  in  a  certain  proportion,  leffening  it's  fpecific  gravity,  and 
rendering  it  unfit  for   refpiration  or  inflammation,  but 
leaving  it  in  a  ftate  capable  of  being  reftored  to  a  tolerable 
degree  of  purity  by  agitation  in  water,  Sec.     Having  dif- 
covered this,  he  concluded  that  the  ufe  of  the  lungs  is 
to  carry  off  a  putrid  effluvium,  or  to  difcharge  that  phlo- 
gifton  which  had  been  taken  into  the  fyftem   with  the 
aliment,  and  was  become,  as  it  were,  effete,  the  air  that 
is  refpired  ferving  as  a  menjlruum  for  that  purpofe.     He 
thinks  the  ufe  of  refpiration  is  confined  to  the  blood,  in 
confeqnence  of  it's   coming  fo  nearly  into  contact  with 
the  air  in  the.lungs,  the  blood  appearing  to  be  a  fluid  won- 
derfully formed  to  imbibe  and  part  with  that  fluid  called 
phlogifton,  changing  it's  colour  in  confequence  of  being 
charged  with  it  or  freed  from  it,'  and  affecting  air  in  the 
very  fame  manner,  both  out  of  the  body  and  in  the  lungs, 
even  when  various  fubftances  are  interpofed  which  pre- 
vciit  it's  coming  into  immediate  contact  with  the  air. 
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The  black  colour  of  blood  Dr.  Prieftley  accounts  for 
as  arifing  from  imbibing  phlogiflon,  as  may  be  fecn 
from  his  experiments  quoted  on  the  colour  of  blood  ; 
and  when  he  had  found  how  readily  pieces  of  blood 
changed  their  colour  according  to  the  quality  of  the  air 
to  which  they  were  expofed,  the  next  thing  was  to  exa- 
mine the  ftate  of  that  air,  to  find  what  change  had  taken 
place  in  it ;  and  as  dephlogifticated  air  admits  of  a  more 
fenfible  change  of  quality  than  common  air,  he  gave  it 
the  preference,  putting  a  piece  of  craffamentum,  about  the 
fize  of  a  walnut,  into  about  five  ounce  meafures  of  this 
air. 

This  procefs  he  continued  twenty- four  hours,  changing 
the  blood  ten  or  twelve  times  ;  after  which  he  found  the 
air  fo  far  depraved,  that  whilft,  at  the  beginning  of  the 
experiment,  one  meafure  of  it  and  two  of  nitrous  air  oc- 
cupied the  fpace  of  no  more  than  half  a  meafure,  the 
fame  mixtures  afterwards  occupied  the  fpace  of  a  meafure 
and  a  half.  Now,  fince  air  is  univerfally  depraved  by 
phlogiflon,  and  in  this  fenfe  by  nothing  elfe,  he  thinks  it 
is  evident  that  this  black  blood  mud  have  communicated 
phlogiflon  to  the  air,  and  of  courfe  it's  change  of  colour 
from  black  to  a  florid  red  mull  have  arifen  from  this  fepa- 
ration  of  phlogiflon. 

The  next  day,  when  of  courfe  the  blood  was  nearer 
to  a  ftate  of  putrefaction,  in  which  every  kind  of  fub- 
fiance  will  injure  refpirable  air,  he  put  a  quantity  of  red 
blood  tinged  in  a  few  places  with  black,  which  he  could 
not  eafily  feparate  from  it,  to  about  the  fame  quantity  of 
the  fame  dephlogifticated  air,  and  fuffered  it  to  ftand, 
without  changing,  for  the  fame  fpace  of  time  ;  when  it 
was  fo  little  injured  that  the  meafures  above  mentioned 
occupied  the  fpace  of  only  two  thirds  of  a  meafure. 

That  blood  has  a  power  of  taking  phlogiflon  from 
air,  as  well  as  imparting  phlogiftoji  to  air,  he  fatisficcl 
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himfelf  by  expofing  blood  of  a  very  beautiful  florid  colour 
to  nitrous,  inflammable,  and  phlogiflicated  airs.  The 
two  firft  kinds  of  air  were  confiderably  diminifhed  by  the 
procefs,  which  was  continued  two  days,  and  the  blood 
changed  five  or  fix  times. 

The  nitrous  air  loft  a  great  portion  of  it's  power  of 
diminifhing,  i.  e.  phlogifticating  common  air:  for  now 
two  meafures  of  common  air  and  one  of  this  occupied 
the  fpace  of  two  meafures  and  a  quarter,  inftead  of  one 
meafure  and  three  quarters. 

The  inflammable  air,  though  flill  inflammable,  was 
rendered  in  fome  degree  wholefome  by  the  procefs ;  being 
after  this  confiderably  diminifhed  by  nitrous  air,  which  is 
a  flate  to  which  it  is  brought  by  agitation  in  water,  and 
which,  continued  longer,  deprives  it  of  it's  inflammability- 
like  wife.     Hence,  in  both  thefe  cafes,  the  red  blood,  by 
becoming  black,  received  phlogifton  from  thefe  two  kinds 
of  air.     As  to  phlogiflicated  air,  Dr.  Prieftley  only  ob- 
served,   that  after  a  few  hours  expofure  to  red  blood  it 
was  fenfibly,  but  not  much,  diminifhed  by  nitrous  air, 
which  otherwife  it  would  not  have  been  in  the  leaft  de- 
gree.    This  blood,   however,  was  of  the  lighted  colour, 
'  or  the  meft  free  from  phlogifton,  of  any  he  had  feen  : 
and  he  has  tried  the  fame  thing,  without  fuccefs,  with 
blood  of  a  lefs  florid  colour,  though  as  florid  as  the  com- 
mon air  could  make  it.  But  as  the  proper  function  of  the 
blood  is  not  to  receive  (meeting  with  no  phlogiflicated  air 
during  circulation),  but  to  communicate  phlogifton  to  air, 
there  is  not  the  fame  reafon  to  expect  that  air  will  be 
mended  by  red  blood,  as  that  it  will  be  injured  by  black 
blood.  Dr.  Prieftley  had  imagined  that,  fince  black  blood 
contains  more  phlogifton  than  red  blood,  a  fimilar  dif- 
ference, would  have  appeared  in  the  air  produced  from 
them,  either  by  being  Amply  diflblved  in  fpirit  of  nitre, 
or  when  dried  and  made  into  a  pafte  with  this  acid, 
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But  the  difference  was  too  fmall  to  be  fenfible  to  this  kind 
of  tefl.     He  ufed  blood  from  the  vein  of  a  fheep,   and 
from  it's  carotid  artery.     The  quantity  of  air  from  the 
paftc  was  very  great,  and  produced  irregularly,   as  is  the 
cafe  when  produced  by  afolution  in  fpirit  of  nitre  without 
drying.     Half  the  produce  was  fixed  air,  and  the  reft 
phlogifticated,  except  that  a  candle  burned  in  it  with  a 
lambent  blue  flame.     From  this  experiment,  however,  it 
is  evident  that  even  the  moft  florid  blood  contains  a 
conflderable  quWity  of  phlogifton,   for  otherwife  this 
air  would  have  been  dephlogifticated.     He  found  great 
difference  in  the  conftitution  of  blood,  with  refpecl  to  it's 
property  of  being  afTecfed  by  the  influence  of  the  air, 
fome  becoming  very  foon  of  a  light  florid  colour,  and 
the  ftratum   of  this   colour   foon  growing  very  thick  : 
others,  in  the  moft  favourable  circumftances,   continued 
much   darker,   and  the  lighter  colour  never  penetrated 
far. 

Being  convinced  afterwards  of  the  reception  of  dephlo- 
gifticated air  into  the  blood,  befides  the  emiffion  of  phlo- 
gifton from  it,  Dr.  Prieftley  wifhed  to  determine  how 
much  of  the  dephlogifticated  air  enters  the  blood,  a  part 
of  it  being  employed  in  forming  ihe  fixed  air,  which  is  the 
product  of  refpiration,  by  it's  uniting  with  the  phlogifton 
difcharged  from  the  blood. 

•  To  determine  what  proportion  of  dephlogifticated  air, 
deftroyed  during  refpiration,  is  employed  in  forming  fixed 
air,  it  was  necelfary  to  afcertain  the  proportion  of  dephlo- 
gifticated air  and  of  phlogifton  in  the  compofltion  of 
fixed  air.     He  therefore 

Heated  charcoal  of  copper  in  41  oz.  m.  of  dephlo- 
gifticated air,  of  the  ftandard  of  0.33,  till  it  was  reduced 
by  wafhing  in  water  to  8oz.  m.  of  the  ftandard  of  1.33. 
Again,  he  heated  charcoal  of  copper  in  40. 5  oz.  m.  of 
dephlogifticated  air,  ft.  0,34,  till  it  was  reduced  to  6  oz.  m. 
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ft.  1.76;  and  in  each  there  was  a  lofs  of  6  grs.  of  the 
charcoal  of  copper  :  fo  there  cannot  be  more  than  6  grs. 
of  phlogifton  in  33  oz.  m.  of  fixed  air;  hence  very- 
little  more  than  one  fourth  of  the  weight  of  fixed  air  is 
phlogifton. 

He  heated  perfectly  well  burnt  charcoal  of  wood  in 
60  oz.  m.  of  common  air,  and  found  one  fifth  of  the 
remainder  to  be  fixed  air,  the  refiduum,  ft.  1,7.  Laftly,  he 
heated  8l  grs.  of  perfect  charcoal  in  70  oz.  m.  of  dephlo- 
gifticated  air,  ft.  0.46,  when  it  ftill  continued  70  oz.  m. ; 
but  after  wafliing  in  water  it  was  reduced  to  40  oz.  m. 
ft.  0.6.  and  the  charcoal  then  weighed  If  gr.  :  fo  that 
from  thefe  experiments  with  common  charcoal,  as  well  as 
from  thofe  with  charcoal  of  copper,  about  one  fourth  of 
the  weight  of  fixed  air  is  phlogifton,  and  confequently 
the  other  three  fourths  are  dephlogifticated  air. 

Dr.  Prieftley  then  wiflied  to  afcertain  the  quantity  of 
fixed  air  formed  in  refpiration  from  atmofpherical  and 
dephlogifticated  airs,  in  order  to  determine  if  any  part 
remained  to  enter  the  blood,  after  forming  this  fixed 
air. 

For  this  purpofe  he  breathed  in  100  oz.  m.  of  atmo- 
fperical  air,  ft.  1.02,  till  it  was  reduced  to  71  oz.  m., 
and  by  wafhing  in  water  to  65  oz.  m.  ft.  1.45.  The  - 
computations  made  as  before,  it  will  appear  that,  before 
the  procefs,  this  air  contained  67.4  oz.  m.  of  phlo- 
gifticated  air,  and  32.6  oz.  m.  of  dephlogifticated  air  ; 
that  after  the  procefs  there  remained  53.105  oz.  m.  of 
phlogifticated  and  1 1.895  oz.  m.  of  dephlogifticated  air,, 
and  there  were  only  6  oz.  m.  of  fixed  air  produced,  for 
the  quantity  abforbed  daring  the  procefs  could  only  have 
been  very  inconfiderable.  It  will  therefore  be  evident, 
that  in  this  experiment  20.7  QZ.  in.  of  dephlogifticated  air, 
which  would  weigh  12.42  grs.,  difappeared :  whereas  all  the 
fixed  air  that  was  found  would  only  have  weighed  4.4  grs. 
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and  one  fourth  of  this  being  phlogifton,  the  dephlogifti- 
cated  air  that  entered  it  would  have  weighed  only  3.3  grs. : 
confequently  9. 12  grs.  of  it  mud  have  entered  the  blood  ; 
which  is  three  times  as  much  as  that  which  did  not  enter, 
but  was  employed  in  forming  the  fixed  air  in  the  lungs. 

He  breathed  in  100  oz.  m,  of  dephlogifticated  air, 
ft.  1.0  till  it  was  reduced  to  58  oz.  m.,  and  by  warning  to 
52  oz.  m.  ft.  1 .75,  with  two  equal  quantities  of  nitrous  air. 
The  computations  being  made,  it  will  appear,  that  before 
thiSprocefs  this  air  contained  66  oz.  m.  of  phlogifticated 
and  34  oz.  m.  of  dephlogifticated  air  ;  and  after  the  pro- 
cefs  there  were  30.368  oz.  m.  of  phlogifticated,  and 
21.632  oz.  m.  of  dephlogifticated  air.  In  this  cafe,  there- 
fore, the  dephlogifticated  air  that  difappeared  was 
13.3  oz.  m.,  weighing  7.8  grs.,  and  the  fixed  air  was 
6  oz.  m.,  weighing  44  grs.  :  fo  that  here  alfo  about  three 
times  as  much  entered  the  blood  as  did  not. 

Thefe  experiments  he  repeated,  and  always  with  the 
fame  refults  ;  the  greater  part  of  the  dephlogifticated  air, 
but  never  the  whole,  pafCng  the  membrane  of  the  lungs, 
and  entering  the  blood. 

Dr.  Prieftley  is  of  ppinion  that  part  of  the  phlogifti- 
cated air  entered  the  blood  as  well  as  the  dephlogifticated, 
the  dephlogifticated  air  confumed  not  being  of  the  pureft 
kind.  He  thinks  it  very  probable,  that  the  deficiency  of 
phlogifticated  air  was  owing  to  the  greater  proportion  of 
it  in  the  lungs  after  the  procefs  than  before. 

When  he  breathed  dephlogifticated  air  that  was  very 
pure,  he  generally  found  lefs  lofs  of  phlogifticated  air, 
and  in  one  cafe  there  appeared  to  be  an  increafe  of  it ; 
but  there  will  always  be  fome  uncertainty  in  the  refults  of 
the  long  continued  refpiration  of  any  kind  of  air,  as  the 
operation  becomes  laborious  at  laft,  and  the  quantity  of 
air  infpired  and  expired  is  therefore  greater  than  at  firft. 
Being  aware  of  this  circumftance,  he  endeavoured  to 
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obviate  it's  eflTe^ls  by  leaving  off  with  his  lungs,  as  nearly 
as  he  could  judge,  in  the  fame  ftate  of  diftenfion  as  when 
he  began,  which  was  always  after  a  moderate  expiration; 
fo  that  two  or  3  oz.  meafures  would  have  made  a  very 
fenfible  difference,  as  will  be  found  by  actual  trial  .-^-Such 
are  the  ideas  of  this  celebrated  philofopher  on  the  function 
of  re fpi ration. 

The  two  great  Swedi/h  chemifts  appear  to  differ  from  Bergman. 
Prieftley.  Bergman  and  Scheele  affirm,  that  the  lungs,  Scheele. 
or  the  blood  they  contain,  abforb  phlogifton  from  the  at- 
mofpheric  air,  inftead  of  rendering  it,  and  they  have 
fupported  this  opinion  by  very  ingenious  experiments  ;  fo 
that,  according  to  them,  the  atmofpheric  air,  being  de- 
prived of  it's  phlogifton  by  the  lungs,  becomes  incapable 
of  entertaining  life  by  ferving  refpiration. 

This-  ingenious  Italian  philofopher  is  of  opinion,  that  Fontan*; 
he  has  proved,  from  experiment,  that  not  only  phlogifton 
is  feparated  from  the  lungs,  but  that  fixed  air  is  alfo  dif- 
engaged  from  them ;  of  which  laft  fact  he  looks  upon 
himfelf  to  be  the  difcoverer.  The  office  of  refpiration, 
according  to  Fontana,  is  that  of  depriving  the  blood  of  a 
fuperabundance  of  it's  phlogifton.  He  .thinks  that  the 
caufe  of  fuffocation  in  refpired  air  arifes  from  two  caufes  5 
for,  fince  the  air  is  found  to  be  compofed  of  two  parts, 
viz.  fixed  and  phlogifticated  airs,  the  fixed  air  acts  upon 
the  lungs  and  deftroys  life,  becaufe  it  is  not  only  incapa- 
ble of  fupporting  life,  but  acts  as  a  real  poifon,  and  may 
be  called  a  pofitive  caufe ;  and  the  phlogiftic  air  cannot 
entertain  life,  although  innocent  of  itfelf,  poffeffing  no 
active  power :  but  the  animal  dies  in  it  merely  through 
want  of  atmofpheric  air;  and  this  may  be  called  a  nega- 
tive caufe.  He  thinks  that  one  part  of  the  fixed  air  ex- 
pired by  the  lungs  ought  not  to  be  attributed  to  the  pul- 
monary phlogifton,  as  is  generally  believed,  but  that  it  is 
generated  in  the  animal  machine ;  whilft  Landriani,  in  LandrianL 
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oppofition,  agrees  with  others,  that  it  arifes  from  the  ex- 
pired phlogifton  uniting  with  the  a  mofpheric  air. 

Lavoifier,  from  his  experiments  on  different  airs  and 
on  the  air  of  the  atmofpher?,  found  that  dephlogifticated 
air  might  be  wholly  converted  into  fixed  airby  the  addition 
of  powdered  charcoal ;  and  he  read  a  paper  to  the  Academy 
upon  this  fubjecl  in  1 775  :  he  thought  therefore  that  refpi- 
ration  might  be  one  procefs  by  which  this  is  brought  about) 
and  having  found  that  the  atmofphere  we  breathe  contains 
about  one  fourth  part  of  vital  'air,  and  three  fourths  of 
azot  sras,  he  fufpected  that  the  dephlogifticated  air,  when 
taken  into  the  lungs,  is  thrown  out  again  in  the  form  of 
fixed  air  $  and  that  the  other  part,  which  enters  thelungs, 
and  paffes  from  them  nearly  in  the  fame  (late,  without 
any  alteration,  is  merely  paffive. 

Sufpe&ing,  therefore,  the  theory  of  his  contemporaries, 
and  finding  it  contradictory  to  a  great  number  of  pheno- 
mena, he  proceeded  on  a  different  plan,  and  was,  by  the 
confequences  of  his  experiments,  led  to  form  different 
conclufions. 
Sxperi-  Tn  order  to  know  the  fpecfes  of  alteration  which  hap- 

L-vJif0*  to  P~enSH1  lne  a^f  a^tcr  having  been  breathed  by  animals,  he 
dewmine  introduced  a  guinea-pig  under  a  glafs  bell  which  con- 
ofaitora-     tained  248  inches  of  oxygen  gas.     The  glafs  was  placed 

!i>jn  the  air 
mtletgf. 


over  mercury,  and  the  animal  left  it  in  an  hour  and  a 


from  refpi-  (juarter. 


ration 


To  render  the  comparifon  more  eafy,  he  fuppofes 
the  quantity  of  oxygen  gas  to  have  been  a  cubic  foot,  or 
1 72s  cubic  inches,  and  calculates  the  remits.  When  the 
animal  was  withdrawn  from  the  glafs,  the  number  of 
inches  was  reduced  to  I G 7 2  ; ,  which  makes  a  diminution 
of  :>■)  \  inches  :  there  were  found  at  the  fame  time  229 £ 
inches  of  carbonic  acid  gas,  as  appeared  by  the  introduc- 
tion ofcauftic  alcali;  the  reft  was  pure  vital  air. 
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By  converting  thefe  Volumes  into  weight,  the  quanti- 
ties of  air  under  the  glafs  will  amount  to 

,  oz.    drac.    grs. 

Vital  air 1  *  2  .     If 

Carbonic  acid  gas 0  .  2  .   15 

Total 1  .  4  .   161 

Hence  the  air  in  this  experiment,  although  diminimed 
by  about  /^d  of  it's  volume,  was  increafed  in  abfolute 
weight  j  from  which;  according  to  this  philofopher,  it 
remits, 

lft.  That  air  extracts  fomething  from  the  lungs  during      . 
refpiratiom 

2d.  That  the  fubftance  extracted,  combining  with  vital 
air,  forms  carbonic  acid  gas  3  and  fince  it  is  known  that 
there  is  no  other  fubftance  but  carbon  pofTeffing  this 
prpperty,  it  follows,  that  by  the  procefs  of  refpiration  a 
real  carbonaceous  matter  is  extracted.  But  this  increafe 
of  weight,  which  appears  to  be  only  21.87  grs.,  is  really 
much  more  considerable  than  at  firft  appears  credible ; 
for  in  the  above  experiment  only  229f  inches  of  carbonic 
acid  gas  were  formed.  Now,  after  fome  very  exact  ex- 
periments, it  has  been  found  by  Lavoifier  that  100  parts 
of  carbonic  acid  gas  in  weight  are  compofed  of  72  of  vital 
air,  and  28  of  carbon:  hence  the  229.5  inches  of  car- 
bonic acid  gas  obtained,  contain 

grs-  * 

Of  vital  air 11.484 

Of  carbon 4.466 

The  11.484  grs.  of  vital  air  amopnt  in  cubic  inches  to 
229| :  if,  therefore,  there  was  only  fufficient  vital  airufed 
to  form  the  carbonic  acid  gas,  the  remaining  quantity 
ought  to  be  1728 — 229|. 

1498} 
There  was  found  only 1443| 

Confequently  a  deficit  of ,...,.,,. ,      54| 

E  2 
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Hence,  according  to  Lavoifier,  independently  of  the 
vital  a:r  converted  into  carbonic  acid  gas,  a  portion  of 
that  which  entered  into  the  lungs  'did  not  return  in  an 
claftic  ftate;  and  therefore  one  of  two  things  muft  have 
happened  during  refpiration :  a  portion  of  the  vital  air 
either  united  with  the  blood,  or  combined  with  a  portion 
of  hydrogen  gas  to  form  water.  Suppofing  the  laft,  it  is 
eafy  after  the  above  experiment,  fays  this  chemift,  to  de- 
termine the  quantity  of  water  formed  by  refpiration,  and 
the  quantity  of  hydrogen  gas  extracted  from  the  lungs. 
For  fince,  to  form  100  parts  of  water,  85  parts  of  vital 
air  in  weight  and  15  of  hydrogen  gas  are  employed,  it 
follows,  that  with  the  54  inches  of  vital  air  found  want- 
ing, 32.25  of  water  ought  to  be  formed  ;  and  that  there 
were  4%0  grains  of  hydrogen  gas  difengaged  from  the  lungs 
of  the  above-mentioned  animal.     From  this  and  other 

Hfs  conclu-  experiments  he  was  led  to  conclude  that  refpiration  only 
acts  on  the  portion  of  oxygen  gas  contained  in  the  atmo- 
fphere; that  one  portion  is  converted  into  carbonic  acid 
gas,  whilft  the  other  is  employed  to  form  water. 

Comport-  According  to  Lavoifier,  the  atmofphere  is  compofed  of 
0.27  of  pure  air  and  0  73  of  azot ;  but  it  had  long  been 
fufpectcd  by  de  la  Metherie  that  fixed  air  likewife  made 
a  part  of  it,  and  Humboldt  has  fince  proved  he  was  right 
in  his  conjecture.  He  found  that  in  it's  ordinary  quantity 
it  amounts  to  0.014,  that  it's  maximum  is  0.018,  and  it's 
minimum  0  005 ;  and  this  quantity  is  fo  ftrongly  allied  to 
the  azot  and  oxvgen  as  not  to  be  feparated  by  the  greatefiV 
portion  of  water  the  atmofphere  contains.  According  to 
rhis  chemiit,  it  appears  likewife,  that  it  is  not  the  quan- 
tity alone  of  oxygen  contained  in  the  atmofphere  that 
renders  it  proper  for  refpiration,  as  in  mines  he  found  air 
which  cxtinguifhed  light  and  killed  animals,  that  contain- 
ed even  0.27  of  oxygen. 

Hence  he  affirms  it  is  not  the  default  of  oxygen  that 


/ion 


tiun  ol  the 

atmotpliere. 
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renders  noxious  atmofpheres  or  motets  fo  mortal,  but  the 
manner  in  which  this  oxygen  is  combined.  The  atmo- 
sphere therefore  is  not  a  fimple  mixture  of  0.97  of  oxygen, 
0.72  of  azot,  and  0.01  of  carbonic  acid,  but  there  is  a 
real  combination  of  all  thefe  principles  united  to  the 
aqueous  portion :  he  found  that  the  oxygen  the  atmofphere 
contains  varied  from  0.23  to  0.29. 

It  appears  there  was  no  experiment  of  importance  to  Exp-ri- 
ietermine  the  quantity  of  air  the  lungs  contain,  until  that  ™e^-°e 
made  bv  Borelli  in  the  middle  of  the  ■laft  century.  Hav-  Aeqiwmky 

J  .'"•.'  ofair  the 

ing  breathed  through  a  glafs  tube  of  which  the  volume  lungs  con- 
was  afcertained,  and  of  which  one  end  was  immerfed  in 
feme  bubbles  of  foap,  he  found  the  quantity  of  air  re- 
ceived into  the  lungs  in  one  infpiration  to  be  about  15 
cubic  inches  \  and  towards  the  end  of  the  experiment  to 
be  between  18  and  20  cubic  inches.  This  experiment 
however  is  liable  to  objection  ;  for  it  is,  according  to 
Menzies,  not  only  inaccurate,  from  the  friction  and  other 
caufes,  but  it  is  only  the  meafure  of  one  infpiration. 

The  next  author  is  the  celebrated  Jurin.  He  fufpended  Jurin. 
a  weight  to  the  lower  part  of  a  bladder,  previoufly  moift- 
ened ;  and  having  fixed  a  tube  of  about  an  inch  diameter 
in  the  upper  part,  he  (topped  his  noftrils  and  infpired  the 
air  of  the  bladder  gently,  during  three  minutes,  the 
weight  remaining  all  the  while  on  the  table.  He  then 
plunged  the  Wackier,  with  the  arr  enclofed  in  it,  and  the 
weight  fufpended  to  it,  into  water  contained  in  a  cylin- 
drical veffel :  he  then  marked  the  height  to  which  the 
water  rofe.  Having  now  fqueezed  the  air  out  of  the 
bladder,  he  again  plunged  it  into  the  water  with  the 
weight.  The  difference  of  the  height  to  which  the  water 
rofe  in  both  thefe  cafes  was  eatily  calculated.  Having 
repeated  the  experiment  ten  tines,  and  added  the  quan- 
tities together,  the  tenth  part  of  the  fum  total,  or  the  pro- 
portional difference  of  the  height  to  which  the  water  rofe 
E3 
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in  both  cafes,  was  found  equal  to  35  cubic  inches,  which 
is  the  volume  of  air  contained  in  the  bladder ;  and  having 
added  about  the  twelfth  part,  or  three  inches,  on  account 
of  the  condenfation  of  the  air  from  the  coldnefs  of  the 
water,  as  it  was  winter,  it  amounted  to  38  cubic  inches.  He 
added  a  little,  both  on  account  of  the  prelfure  of  the  water 
on  the  bladder,  and  of  the  moifture  which  is  expelled 
with  the  air,  and  foon  condenfed  by  the  coldnefs  of  the 
water  and  of  the  bladder.  He  then  calculated  the  quan- 
tity of  air,  expelled  by  a  moderate  expiration  in  the  fpace 
of  three  minutes,  at  40  cubic  inches,  [n  the  ftrongeft 
expiration  he  expelled  125  cubic  inches  in  the  fpace  of 
a  minute ;  but  in  a  ftrong  expiration,  continued  nearly 
until  fuffocation,  he  expelled  220  cubic  inches  from  the 
lungs.  Hence  it  follows  that  there  is  more  air  in  the  lungs 
than  can  be  expelled  by  an  ordinary  expiration. 

This  experiment  proves  that  the  quantity  of  air  ufually 

Hales,  Sec.  expired  is  equal  to  40  cubic  inches.  The  accurate  Hales, 
Haller,  and  Sauvages,  who  have  repeated  thefe  experi- 
ments, have  agreed  that  the  refult  was  the  fame.  But 
according  to  Menzies,  as  it  is  only  the  meafure  of  one 
infpiration,  it  lies  open  to  the  fame  objection  as  the 
former. 

Dr.  Good-  This  was  alfo  attempted  by  Dr.  Goodwin.  He  endea- 
voured to  breathe  from  a  veffel  full  of  air,  joined  by 
means  of  a  tube  to  another  full  of  water,  fo  that  a  certain 
volume  of  water,  equal  to  that  of  the  air  infpired,  might 
get  into  the  place  of  the  latter  after  each  refpiration  ;  for 
the  volume  of  water,  fubftituted  to  that 'of  the  air  infpired, 
muft  be  equal  to  that  of  the  air  confumed  in  infpiring. 

Having  contrived  an  apparatus  for  this  purpofe,  an 
adult  of  a  middle  fizc,  and  in  good  health,  endeavoured 
to  refpire  as  naturally  as  poffible  from  this  pneumatic 
veffel,  and  the 

Firft  time,  he  infpired  3   cubic  inches  j 
Second  time, 2| 
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Another  perfon  of  the  fame  ftature  .endeavoured  to 
breathe  out  of  the  veffel. 

At  the  fir  ft  infpiration,  he  breathed  3  j  eubic  inches  j 
At  the  fecond, 2i, 

Bui  as  the  difference  of  the  refuk  of  both  thefe  experi- 
ments might  be  fuppofed  to  proceed  from  the  different 
degree  of  attention,  he  varied  the  experiment  in  this  man- 
ner. The  fame  man  infpired  and  expired  thirty  times 
out  of  the  fame  veffel,  and  as  nearly  as  poflible  with  the 
fame  degree  of  exertion  5  and  on  calculation  the  average 
quantity  of  air  of  each  refpiration  was  found  to  be  Q  |  cur 
Jbic  inches. 

Having  repeated  the  fame  experiment  with  the  greateft 
care,  the  average  quantity  of  each  refpiration  v»as  found  to 
be  3  cubic  inches. 

Another  man  of  the  fame  ftature  breathed  30  times 
from  the  fame  yefiel,  and  in  the  fame  manner,  and  the 
average  was  3\  cubic  inches*  Hence  it  follows  that  the 
greateft  quantity  of  air  received  into  the  lungs  during  each 
natural  refpiration  does  not  exceed  3£  cubic  inches  5 
which  is  much  lefs  than  what  Hales  and  Jurin  had  cal- 
.culated. 

In  thelaft  differtation  of  Dr.  Goodwin,  it  appears  that 
a  dull  kind  of  pain  was  felt  in  the  cheft  before  the  man 
had  finifhed  the  number  of  infpirations.  Having  reT 
moved  the  tube  from  his  mouth,  itwas  ncceffary t6  make 
a  deep  infpiration ;  which  appears  to  Menzies  to  prove, 
that  the  quantity  of  air  received  into  the  lungs  was  not 
fumcient  for  the  purpofes  of  refpiration.  This  defect 
however  is  attributed  by  the  author  to  the  imitation  of 
natural  refpiration,  which  could  not  counterbalance  the 
difficulty  of  railing  water  contrary  to  it's  natural  grayity. 
As  an  attempt  to  breathe  in  the  open  air  would  net 
give  the  meafure  of  an  ordinary  infpi  ration  from  the  ma- 
chine, it,  was  neceffary  to  affift  the  action  of  the  lungs,  ' 
E4 
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by  which  the  quantity  received  was  much  increafed  ;  as  is 
evident  from  the  following  experiment,  in  which  three 
pcrfons  of  ordinary  ftature  infpired  from  the  machine 
30  times  fucceflively,  and  took  in  as  much  air  at  each 
time  as  the  fenfations  in  the  breaft  feemedto  require.  Tha 
average  quantity  of  air  taken  into  the  lungs  at  a  fingle  in- 
fpiration 

By  the  firft,  was  12  cubic  inches, 
fecond,  . .  14 
third,    ..II 

Thus  Dr.  Goodwin  concludes  the  quantity  of  air  in- 
fpired to  be  equal  to  12  cubic  inches,  which  are  dilated 
by  heat /to  14;  and  as  the  quantity  of  air  remaining  in 
the  lungs,  after  an  ordinary  expiration,  is  near  10Q  cubic 
inches,  he  concludes,  the  proportion  of  the  dilatation  of 
the  lungs,  before  and  after  a  healthy  infpiration,  to  be  as 
109  to  123. 
Meizies.  Dr.  Menzies,  who  is  the  laft  that  has  made  any  experi- 
ments of  this  nature,  although  he  is  of  opinion  that  Dr. 
Goodwin  has  come  very  near  the  point,  yet  in  the  dif- 
ferent experiments  on  the  fubje£t  he  found  no  confidence 
could  be  placed  in  the  method  he  employed,  on  account 
pf  the  inaccuracies  it  was  liable  to;  and  he  freely  con - 
fefles  it  was  by  chance  he  firft  difcoyered  them.  The 
method  which  Dr.  Menzies  ufed  feems  to  be  fimilar.  to 
that  indicated  by  Boerhaave. 

It  confifts  in  being  placed  up  to  the  neck  in  water,  and 
judging  of  the  dilation  of  the  lungs  from  the  afcent  and 
defcent  of  the  water.  Dr.  Menzies  therefore  procured  a 
hogthead,  the  top  of  which  had  an  opening  fufficiently 
large  for  the  head  to  pafs  out  ;  and  a  cylinder  was  fitted 
about  his  neck  up  to  the  chin,  by  which  the  rifing  and 
falling  of  the  water  during  refpiration  might  be  calcu- 
lated. 
lftExper:-       A  healthy  man,  five  feet  eight  inches  high,  was  (hut 


man. 
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up  in  this  hogftiead,  which  was  filled  with  water  heated 
to  90°  of  Fahrenheit,  as  far  as  that  part  of  the  neck  that 
was  beft  fuited  to  meafure  the  difference  of  afcenf  and 
defcent.  This  difference  was  about  1.25  inches.  His 
pulfe  before  and  after  immerfion  beat  44  or  65,  and  his 
refpirations  were  14  or  144:  in  a  minute,  and  they  con- 
tinued the  fame  ail  the  time  he  remained,  which  was 
two  hours  and  upwards,  during  which  the  afcent  and  de- 
icent  of  the  water  were  lTVo  inch  at  leaft  :  but  when  he 
made  a  deep  infpi ration,  fo  much  air  fumed  into  the 
lungs  that  the  water  palled  out  through  the  cylinder  ;  but 
as  the  area  of  the  cylinder  was  55.41  fquare  inches, 
and  the  area  of  the  neck  18  $  55.4 1 — 18  x  1.25=46.76 
cubic  inches,  the  quantity  of  air  ufually  refpired  by  this 
man.  This  was  thrice  repeated  with  the  fame  refult; 
but  to  prevent  miftake  he  was  made  to  breathe  through 
an  allantoic!* 

.This  allantoid  contained  2/00  cubic  inches,  which  in 
many  trials  he  filled  with  58  expirations,  giving  46.55 
cubic  inches  as  the  quantity  of  air  expired  5  and  this  cal- 
culation is  very  near  the  preceding  one.  But  as  the  re- 
fpirations of  this  man  appeared  to  be  never  more  than 
14  and  14£  in  a  minute,  it  was  probable  he  infpired  more 
air  than  other  men  of  the  fame  ftature.  To  afcertam 
this,  and  to  be  able  to  eftimate  the  average  quantity  of  air 
infpired,  it  was  neceffary  to  examine  the  relpiration  of  a 
man  of  fmall  ftature. 

Another  man,  therefore,  only  five  feet  and  ah  inch  2d  Experfj 
high,  was  {hut  in  the  fame  hogfheadj  the  pulfe  beat  72, 
and  the  number  of  refpirations  was  18  in  a  minute.  The 
water  was  heated  between  the  85th  and  the  90th  of  Fah~ 
renheit.  The  difference  between  the  afcent  and  defcent 
during  the  long  time  he  remained  was  0.95' of  an  inch,  or 
in  vulgar  fractions  -*6s-6  of  an  inch.  The  area  of  the  cy- 
linder was  equal  to  57.012  inches,  and  the  area  of  the 
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neck  to  14.0^37  inches.  Hence  57.012 — 14.0837X0.95 
=i40.781  cubic  inches,  is  the  quantity  of  air  taken  into 
the  lungs  by  a  common  refpiration.  This  was  confirmed 
by  his  breathing  into  the  allantoic!,  which  gave  from  38  to 
40  cubic  inches,  the  meafure  of  a  common  infpiration. 
So  that,  if  half  the  quantities  of  the  two  experiments  be 
taken,  there  will  be  43.77  cubic  inches,  theaverage  quan- 
tity of  air  refpired.  The  afcent  and  defcent  of  the  water 
were  carefully  marked  by  means  of  a  glafs  tube  inferted 
into  the  top  of  the  hogfhead,  on  which  a  fcale  of  degrees 
was  cut ;  and  on  account  of  the  attraction  between  the 
water  and  the  fides  of  the  tube  T'?>  was  fub traded  j  and  if 
on  account  of  the  dilatation  of  the  air  by  the  heat  of  the 
lungs  71\.  e  for  every  degree  of  heat  be  fubtra&edj  the 
quantity  of  air  infpired  may  ftill  be  computed  at  40  cubic 
inches. 

Dr.  Goodwin  fuppofes  that  only  109  cubic  inches  re- 
main in  the  lungs  after  an  ordinary  expiration,  and  that 
the  proportion  of  their  dilation  after  an  ordinary  expira- 
tion is  to  that  of  their  dilatation  after  an  ordinary  infpira- 
tion as  109  to  123;  but  Dr.  Menzies  has  remarked,  that 
after  an  ordinary  expiration  a  man  could  ftill  expel 
70  cubic  inches  of  air  from  the  lungs.  Hence  after  fuch 
an  expiration  only  39  cubic  inches  of  air  will  remain. 
"  Without  doubt  then,"  fays  Dr.  Menzies,  "  as  appears 
ee  from  another  experiment  (Goodwin's  Connexion  of 
ce  Life  with  Infpiration,  p.  46),  Dr.  Goodwin  fuppofes 
"  that  109  cubic  inches  of  air  remain  in  the  lungs  after 
"  an  extraordinary  expiration  :  but  as  we  have  found 
"  70  cubic  inches  to  be  the  difference  between  an  ordi- 
"  nary  and  an  extraordinary  expiration,  this  number 
"  added  to  the  former,  or  to  109,  will  give  179,  as  the 
"  quantity  of  air  remaining  in  the  lungs  after  an  ordi- 
"  nary  expiration.  Now  the  former  experiments 
"  (how,  that  the  quantity  of  air  expelled  by  an  ordinary 
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H  expiration  is  equal  to  40  cubic  inches  :  confequently, 
<(  if  this  be  added  to  179,  we  (hall  have  219  cubic  inches 
*c  as  the  quantity  of  air  contained  in  the  lungs  before 
i(  expiration :  hence  the  dilatation  of  the  lungs  before  and 
(i  after  an  ordinary  expiration  will  be  as  219  to- 1 79  '•  or, 
<e  in  other  words.,  the  thorax  will  be  increafed  by  a 
"  quantity  of  air  nearly  equal  to  a  cub,e  of  3}  inches; 
(e  which,  if  we  confider  how  much  the  thorax  and  abdo- 
li  men  are  dilated  by  an  extraordinary  infpiration,  feems 
H  very  trifling.  The  difference  between  an  extraordinary 
{C  expiration,  or  one  made  with  fome  effort,  and  an  extra- 
"  ordinary  infpiration,  I  have  found  to  exceed  200  cubic 
"  inches.'' 

As  the  atmofpheric  air  undergoes  a  change  by  refpira^  Dr.  Good. 
tion  in  the  proportion  of  it's  conftituent  parts,  the  de~  W^J^^ 
phlopjfticated  airbeino-  diminished,  the  fixed  air  increafed,  toafcertain 

.  ,    .  .  .the  degrees 

whilft  the  phlogifticated  remains  the  fame ;  Dr.  Goodwin  of  change 
was  defirous  of  afcertaining  the  particular  degree  of  thefe.Jheauno-° 
changes :  he  therefore  began  by  finding  the  proportion  5****.™" 
of  the  airs  in  12  cubic  inches  of  atmofpheric  air  ;  which  fpiration. 
being  done,  he  infpired  an  equal  volume  of  the  fame  air, 
and  then  expired  it  into  a  glafs  receiver,  and  analyfed  the 
whole   quantity.      This   having    been    repeated   feveral 
times,  the  medium  was  as  follows  : 


Parts. 
The  volume  of  air  taken  into 
the  lungs  at  a  fmgle  infpi- 
ration contained  of  phlogif- 
ticated air  -  -         -     8o 
Dephlogifticated  air        -         -     18 
fixed  air                      -  -       2 

100 


Parts. 


The  volume  of  air  expelled  from 
the  lungs  by  the  next  fuc- 
ceeding  expiration  contained 
of  phlogifticated  air 

Dephlogifticated  air 

Fixed  air 


-  80 

-  5 

-  13 


M 


He  found  this  diminution  of  the  dephlogifticated  air  was 
femetimes  -^th  or  ^th  part. 
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He  then  attempted  to  find  if  this  diminution  of  the  one 
and  increafe  of  the  other  be  conftant  and  uniform  in  the 
fame  volume  of  air  feveral  times  refpired ;  for  which  pur- 
pofe,  he  firft  examined  the  diminution  of  the  dephlogif- 
ticated  air,  by  breathing  a  quantity  of  air  feveral  times 
from  a  glafs  receiver  inverted  in  water;  and  by  mixing 
a  fmall  quantity  of  this  fame  air,  after  every  expiration, 
with  an  equal  quantity  of  nitrous  air  in  Fontana's  eudio- 
meter, in  which  the  quantity  of  dephlogifticated  air  would 
be  indicated  by  the  diminution  of  volume  in  the  eudio- 
meter :  he  therefore  pafled  12  cubic  inches  of  atmofphe- 
ric  air  into  a  glafs  receiver  inverted  in  water,  and  put  a 
meafure  of  it  into  this  inftrument,  where  it  occupied 
100  parts :  he  then  added  an  equal  meafure  of  nitrous 
air,  and  the  whole  volume  of  200  parts  was  diminifhed 
to       -----  ,  ~  ,.  144 

Then  he  infpircd  the  whole  of  the  volume  from  the 
receiver,  and  expired  it  in  the  ufual  time;  and  on  try- 
ing an  equal  portion  of  it  in  the  inftrument,  the  200 
parts  were  diminimed  to  -  -  158 

After  the  fecond  expiration,  to  -  -  163 

After  the  third,  to  -  -  '  •  1 67 

After  the  fourth,  to  *  ^  ~  170 

After  the  fifth,  to  -  -  -  171 

2dly.  To  determine  whether  the  addition  or  increafe  of 
the  fixed  air  be  uniform  and  conftant  in  feveral  fucceflive 
refpirations,  he  enclofed  12  cubic  inches  of  air  in  an  in- 
verted receiver,  and  breathed  it  through  a  glafs  tube  fix 
times  in  fucceffion ;  when,  on  being  examined  with  lime 
water  after  the  lad  expiration,  it  contained  15  parts  of 
fixed  air :  on  repeating,  the  experiment,  the  quantity  of 
fixed  air  was  13  parts :  hence  the  diminution  of  the  de- 
phlogifticated  and  the  increafe  of  the  fixed  air  is  conftant 
and  fuccefftve  in  the  fame  quantity  of  air  frequently 
breathed;  but  the  changes  in  the  fucceflive  refpiration* 
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bear  no  proportion  to  the  changes  in  the  firft.  Dr* 
Goodwin,  finding  therefore  thefe  changes  fo  conftant  and 
uniform,  fufpec~ted  they  mull  be  connected  with  fome 
correfponding  changes  in  the  lungs,  equally  eonftant  and 
uniform,  which  he  found  to  be  in  the  blood. 

Count  Morozzo,  in  order  to  prove  the  length  of  time 
different  animals  were  able  to  live  in  different  airs,  fo  as 
to  be  able  to  form  a  comparison,  made  the  following  ex- 
periments : 

The  oxygen  gas  he  ufed  was  extracted  from  red  pre-  ExPeri- 

,      .  .  ments  of 

cipitate  and  nitre,  which  he  found  to  be  of  equal  purity  :  Morozzo, 
the  animals  were  fparrows  and  rabbits,  of  an  adult  ftate,  anim*ds  t"S 
that  he  might  be  able  to  compare  the  remits,  having;  ob-  different 

°  l  *  °  fpeciesof 

ferved  that  animals  lived  a  longer  or  a  (horter  fpace  of  air. 
time  in  a  vitiated  air  according  to  their  age;  which  dif- 
ference ceafes  on  their  arrival  at  maturity.  He  ufed  the 
method  employed  by  Dr.  Cigna  of  expofing  a  fucceffion 
of  animals  to  the  fame  gas,  and  found  the  refults  to  be 
perfectly  fimilar  :  he  found  that, 
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On  repeating  his  experiments  in  veffels  of  equal  fize, 
he  found  that  animals  lived  four  and  even  five  times 
longer  in  dephlogifticated  than  in  common  air  -,  that  after 
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the  death  of  the  animal  a  lighted  candle  was  immediately 
cxtinguifhcd  in  the  atmofpliericai  air,. but  prcferved  it's 
brilliancy  and  vivacity  in  the  dephlogifticated  air,  as  if  it 
had  undergone  no  change  5  which  is  contrary  to  what 
Dr.  Cigna  obferved,  that  common  air  when  vitiated  by 
refpiration  extingui flies  flame  a  long  time  before  animal 
life.  He  remarks  with  Dr.  Prieftley,  that  animals  appear 
to  be  more  gay  and  a&ive  in  oxygen  gas  than  in  atmo- 
fpherical  air;  and  that,  when  their  refpiration  appears 
troubled,  they  do  not  gafp  for  breath  fo  much,  nor  is 
their  deathaccompanied  by  fuch  violent  convulfions  as  in 
atmofpheric  air;  and  that  the  duration  of  their  life  in 
oxygen  gas  did  not  decreafe  in  any  marked  proportion 
from  the  introduction  of  the  fifth. 

Having  obferved  that  oxygen  gas,  in  which  different 
animals  have  fucccffively  died,  is  ftill  in  a  ftate  of  fup- 
porting  animallife  a  confiderable  time,  and  flame  with 
great  vivacity,  he  was  defirous  of  anfwering  the  follow- 
ing qucftions: 

1.  To  find  the  duration  of  animal  life  in  dephlogifti- 
c^ted  air,  in  which  a  candle  had  been  extinguifhed  ;  and 
lie  found  animals  lived  in  it  nearly  as  long  as  in  pure 
oxygen  gas. 

2.  To  difcover  whether  a  lighted  candle  would  burn  in 
the  oxygen  gas  in  which  flame  had  been  extinguifhed, 
and  he  found  it  would  not.  In  equal  capacities,  flame 
exifted  five  minutes  in  oxygen  gas,  and  only  forty  feconds 
in  atmofpheric  air.  , 

In  order  to  difcover  the  leaf!  variations,  Morozzo  ufed 
vefTels  of  a  larger  capacity,  containing  forty  pounds 
of  water,  and  larger  animals,  fuch  as  rabbits;  and  he 
found  that, 
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In  atmofpheric  air,  the  1ft  lived  4  33,  and  the  abforption  0  0 
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He  remarked  with  Dr.  Prieftley,  that  quadrupeds  live' 
longer  than  birds  in  vitiated,  air,  from  being  accuftomed 
to  breathe  nearer  the  ground,  where  the  air  is  not  fo  pure 
as  in  the  higher  regions  $  and  he  lays  it  down  as  a  rule, 
that  animals  in  oxygen  gas  confume  a  quantity  in  pro- 
portion to  common  air  as  5  to  1 ;  which  is  the  fame  pro- 
portion as  that  of  the  greateft  durability  of  their  lives. 

From  expofure  of  animals  in  different  airs,  he  found, 

1 .  That  the  duration  of  animal  life  was  in  proportion  Conciu- 
to  the  greater  quantity  of  oxygen  gas  the  airs  contained. 

2.  That  in  all  where  there  was  an  equal  part  of  oxy- 
gen gas,  they  lived  considerably  longer  than  in  common 
air,  except  in  the  air  vitiated  by  the  vapour  of  charcoal, 
in  which  a  fparrow  lived  only  24  minutes,  and  in  fixed 
air  38  minutes. 

3.  That  iri  all  thofe  of  which  one-third  was  oxygen 
gas,  animal  life  was  nearly  equal  to  what  it  was  in  com- 
mon air,  except  in  the  two  laft  cafes. 

4.  Gafes  and  infectious  airs  appear  to  be  fatal  in  the 
order  following : 

Inflammable  gas  of  marines     -     -     -     7 
Air  vitiated  by  vapour  of  fulphur    -     -      C         ^    *  • 
— • by  burning  charcoal     - 

* by  a  mixture  of  iron  filings 

and  moiftened  fulphur      -     -     - 
Inflammable  gas  from  iron  and  vitriolic  acid  />nearlye(luaI' 
Fixed  air-      -      --      ----      I 

Air  vitiated  by  animal  refpiration     -     -     J 

Dr.  Prieftley  has  likewife  made  fome  experiments  on  f™^'1 
animals  in  noxious  airs;  from  which  he  found  that  animals,  mems  on 

,     .  .  .  .  .  animals  in 

on  being  put  into  air  in  which  other  animals  have  died,  noxionsairs. 
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almoft  always  die  in  convulfions  :  they  are  sometimes  af* 
felled  fo  fuddenly  as  to  be  irrecoverable  after  a  fingfe  in- 
fpiration,  although  withdrawn  immediately,  and  every 
care  taken  to  recover  them.  They  are  affected  in  the 
fame  way  in  every  other  noxious  air;  fuch  as  fixed  air, 
inflammable  air,  air  filled  with  fumes  of  fulphur,  in- 
fecled  with  putrid  matter,  in  which  a  mixture  of  iron 
filings  and  fulphur  has  ftood,  or  in  which  charcoal  has 
been  burned,  or  metals  calcined,  or  in  nitrous  air.  Ac- 
cording to  Dr.  Pricftley,  dnimals  become  habituated  by 
degrees  to  the  noxious  air;  for  he  frequently  found,  that 
when  a  number  of  mice  had  been  confined  in  a  given 
quantity  of  air,  a  frefh  moufe  being  introduced  to  them 
has  been  inflantly  thrown  into  convulfions,  and  died.  It 
is  evident,  therefore,  that  if  the  experiment  of  the  black 
hole  at  Calcutta  were  to  be  repeated,  a  man  would  (land 
the  better  chance  of  furviving  it  who  fhould  enter  at  the 
firff  than  at  the  la(l  hour.  Dr.  Prieftley  has  alfo  obferved, 
that  young  mice  will  live  much  longer  than  old  ones,  or 
than  thofe  which  are  full  grown,  when  they  are  confined 
in  the  fame  quantity  of  air.  He  has  known  a  young 
.moufe  to  live  fix  hours  in  the  fame  circumftances  in 
which  an  old  moufe  has  not  lived  one  :  hence  the  uncer- 
tainty in  making  experiments  of  this  kind,  where  a  fre- 
quent repetition  is  neceffary  to  depend  upon  them. 

Having  given  fome  account  of  the  ancient  and  modern 
opinions  of  refpiration  in  general,  of  the  experiments  that 
have  been  made  on  the  effects  of  refpiration  upon  air,  of 
the  changes  it  fufters  from  this  procefs,  of  the  formation 
of  new  fubftances  found  in  expired  air,  of  their  propor- 
tions, of  the  opinions  of  feveral  chemical  phyfiologifts 
upon  the  quantity  of  air  the  lungs  contain,  and  of  the  ex- 
periments made  upon  animals  in  different  fpecies  of  airs, 
the  next  part  of  the  fubjeel:  relates  to  the  colour  the  blood 
receives  during  the  refptratory  procefs,  beginning  with 
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fome  account  of  the  opinions  of  different  philofophers 
upon  this  fubject. 

Colour  of  the  Blood. — The  ancients  muft  undoubtedly 
have  obferved,  that  the  furface  of  blood,  after  having  been 
drawp  from  the  body  and  left  to  repofe,  changed  from  a 
dark  to  a  florid  red  colour,  and  that  underneath  it  re- 
mained black  ;  but  they  could  have  had  no  juft  idea  of  the 
caufe  of  this  change.  It  appears,  that,  among  the  mo- 
derns, Mayow  was  thefirft  whofe  conjectures  were  confor-  Mayow. 
mable  to  the  lateft  experiments.  He  fays,  that  the  fluid 
red  colour  of  the  blood  is  produced  by  the  introduction 
of  the  nitroaerial  fpirit  from  the  atmofphere;  for  where 
the  blood  is  not  expofed  to  this,  it  is  black.  As,  how- 
ever, this  celebrated  author's  publication  was  fcarcely. 
known  to  exift  previous  to  it's  being  introduced  to  public 
notice  by  Dr.  Beddoes,  nobody,  unlefs  we  accept  Lower,  at- 
tempted to  account  for  this  difference,  or  the  caufe-of  the 
colour.  Even  (o  late  as  the  time  of  Haller  all  was  con-  Haiier. 
jecture  :  this  celebrated  phyfiologift,  on  comparing  the 
blood  of  an  adult  with  that  of  the  fcetus,  which  is  defti- 
tute  of  the  florid  rednefs,  only  informs  us  that  it  was  ac- 
quired in  the  lungs.  The  common  opinion  was,  that  the 
change  of  blood,  on  ftanding,  arofe  from  it's  containing 
two  kinds  of  particles,  red  and  black ;  and  that  the  black, 
from  their  greater  fpecific  gravity^  fell  to  the  bottom, 
whit  ft  the  red  particles' remained  at  the  furface. 

Cigna  of  Turin,  at  length,  having  paid  great  atten-  Cigna." 
tion  to  this  fubject,  publifhed  a  memoir  in  the  firft  volume 
of  the  Mifcellanea  Taurinenfta,  in  which  he  very  well  ac- 
counts for  this  red  colour  of  the  blood,  clearly  proving  it 
to  be  caufed  by  the  contact  of  air.  He  found,  that,  on 
covering  the  blood  with  a  little  oil  fo  as  to  defend  it 
from  the  atmofphere,  it  remained  black  throughout ;  but 
when  he  took  away  the  red  part,  and  expofed  the  lower 
lamina  to  the  air,  which  were  black,  they  alfo  became 
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fucceflivcly  red,  till  the  whole  mafs  had  acquired  this  co- 
lour. At  the  requeft  of  Cigna,  father  Beccaria  was  in- 
duced to  try  the  efle&  of  expofing  blood  in  the  vacuum 
caufed  by  an  air-pump,  and  he  found  that  it  always  re- 
mained black,  but  became  red  on  expofing  it  again  to  the 
atmofphere.  Cigna  concludes  by  obferving,  that  it  is 
not  eafy  to  account  for  the  lower  part  of  a  mafs  of  blood 
becoming  black,  whether  it.  arifes  from  the  air  it  has  im- 
bibed efcaping  from  it,  or  from  it's  depofiting  fomething 
faline,  neceflary  to  contribute  to  it's  rednefs,  or  from  the 
prefTure  of  the  atmofphere;  but  he  feems  to  think,  that  air 
mixed  with  blood,  and  intcrpofed  between  the  globules, 
preferves  it's  rednefs;  but  that  by  concretingit  is  expelled 
from  it,  or  becomes  fo  fixed  as  to  be  incapable  of  making 
it  red.  This  opinion,  he  imagines,  is  rendered  in  fome 
meafure  probable,  by  the  increafed  denfity  of  concreted 
blood,  and  by  the  emiflion  of  air  from  other  fluids  in  a 
concrefcent  ftate.  In  another  memoir,  he  doubts  whether 
the  change  of  colour  in  the  blood  takes  place  in  the  lungs, 
but  if  it  does,  he  is  inclined  to  afcribe  it  to  the  evaporation 
from  the  blood  in  the  lungs;  and  though  he  always  found 
the  colour  of  the  blood  was  changed  by  the  contact  of  air, 
yet  when  he  confldered  that  evaporation  muft  neceflarily 
attend  the  contact  of  air,  he  fuppofed  that  this  effect  might 
equally  be  attributed  to  it.  But  he  acknowledges  con- 
firmation by  experiments  is  neceflary  to  this  hvpothefls. 
Hewfon.  Other  experiments  were  made  bv  Hewfon.     fie  found 

that  a  folution  of  nitre  changed  dark-coloured  blood  to 
the  mod  beautiful  red ;  but  is  of  opinion  that  this  cannot 
arife  in  the  Iunn;s,  fince  the  air  contains  no  nitre;  and  he 
found  mod  of  the  neutral  falta  in  fome  meafure  produced 
the  fame  effect.  He  was  certain,  however,  that,  as  the 
colour  of  the  blood  is  changed  bv  air  out  of  the  bodv,  the 
air  is  the  immediate  caufe  of  the  fame  change  in  the  bodv  \ 
and  this  chancre  in  the  venous  and  arterial  blood  is   prcv 
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duced  in  the  lungs,  he  affirms,  from  experiments  in  which 
he  diftinctly  faw  the  blood  of  a  fnore  florid  red  in  the  left 
auricle  of  the  heart  than  in  the  right;  but  how  the  erTecl: 
is  produced  he  thinks  is  undetermined. 

The  caufe  of  this  change  was  determined  by  Dr.  Prieft-  Dr.  Piieft. 
ley ;  but  he  attempts  to  explain  it  according  to  the  phlo-  ,ey* 
giftic  fyftem,     He  endeavoured  to  find  whether  blood  was 
of  fuch  a  nature  as  to  retain  the  power  of  phlogifticatmg 
air  when  congealed,  and  out  of  the  body*  that  it  has,  when 
fluid  and  in  the  body  ;  and  the  experiment  anfwered  his 
expectation.     Having  taken  the  blood  of  a  fheep,  and  let 
it  ftand  till  it  was  coagulated,   and  the  ferum  feparated 
from  it,  he  introduced  pieces  of  the  craflamentum,  con- 
tained  in   nets  of  open  gauze   or  of   wire,  fometimes 
through  water,  and  fometimes  through  quickfilver,  into 
different  kinds  of  air,  and  always  found  that  the  blackeft 
parts  affumed  a  florid  red  colour  in   common  air,  and 
more  particularly  in  dephlogifticated  air,  and  in  lefs  time; 
whereas  the  brighteftred  blood  became  prefently  black  in 
any  kind  of  air  unfit  for  refpiration*  fuch  as  fixed,  inflam- 
mable, nitrous,  or  phlogifticated  airs;  and  after  becom- 
ing black  in  the  laft  of  thefe  kinds  of  airs,  it  regained  it's 
red  colour  on  being  again  expofed  to  common  or  dephlo.-. 
giflicated  airs ;  the  fame  pieces  becoming  alternately  black 
and  red  by  being  transferred  from  phlogifticated  to  de- 
phlogifticated air,  and" vice  verfa. 

In  thefe  experiments,  Dr.  Prieftley  is  of  opinion*  that 
the  blood  lofes  it's  black  colour  by  giving  it's  phlogifton, 
which  is  the  caufe  of  it,  to  the  air;  and  that  it  receives  it 
again  on  being  expofed  to  the  other  airs  containing  this 
principle.  He  thinks  that  the  blacknefs  of  the  blood  may 
arife  from  other  caufes  than  it's  acquiring  phlogifton,  as 
|n  vacuo ;  and  fuch  he  found  to  be  the  cafe  when  it  was 
covered  two  inches  and  a  half  with  ferum,  but  regained  it's 
florid  colour  again  on  expofure  td  the  open  air.  He  expofed 
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pieces  of  the  lame  mafs  to  nitrous  and  inflammable  as  well 
as  fixed  airs;  they  all  became  black,  but  that  in  the  in- 
flammable the  leaft  fo;  but  none  of  them  recovered  their 
fluid  colour  in  the  open  air;  one,  however,  in  fixed  air, 
recovered  it  in  dephlogifticated  air.     The  deeper  the  co- 
lour, the  more  the  phlogifton  it  contains,  and  vice  verfa* 
As  it  might  be  objected  to  this  hypothefis  of  Dr.  Prieft- 
ley,  that  the  blcod  never  comes  into  actual  contact  with 
the  air  in  the  lungs,  but  is  fcparated  from  it;  and  that  the 
red  globules  alfo  fwim  in  a  large  quantity  of  ferum,  a  fluid 
of  a  quite  different  nature;  in  order  to  afcertain  the  effect 
of  thefe  cifeumftances,  he  took  a  large  quantity  of  black 
blood,  and  put  it  into  a  bladder  moiftened  with  a  little  fe- 
rum, and,  tying  it  very  clofc,  hung  it  tn  a  free  expofure 
to  the  air,  though  in  a  quiefcent  ftate ;  and  the  next  day 
he  found  that  all  the  lower  furface  of  the  blood  feparated 
from  the  common  air  by  the  bladder  (which  is  an  animal 
membrane  like  the  veficles  of  the  lungs,  and  at  leaft  as 
thick),  and  likewife  a  little  ferum,  had  acquired  a  coating 
of  a  florid  red  colour,  and  as  thick  as  if  it  had  been  im- 
mediately expofed  to  the  open  air;  fo  that  the  membrane 
had  been  no  impediment  to  the  action  of  the  air  on  the 
blood.     He  repeated  the  experiment  without  previoufly 
moiftening  the  bladder,  and  with  the  fame  refult.     He 
found  that  a  piece  of  the  craffamentum  acquired  the  florid 
colour  even  when  covered  with  ferum  to  the  depth  offe- 
veral  inches;  but,  that  the  (lighten!  covering  of  water  or 
faliva  effectually  pre  vented  it's  acquiring  this  colour,  which 
prove*  how  wonderfully  well  the  ferum  is  adapted  as  a  ve- 
hicle for  the  red  globules.     To  fatisfy  himfelf  completely 
that  it  is  really  the  air  acting  through  the  ferum,  and  not 
the  ferum  itfelf  that  gives  the  florid  colour,  he  took  two 
equal  portions  of  black  blood,   and  put  them  into  equal 
cups,   containing  equal  quantities  of  ferum,  which  co- 
vered them  to  the  depth  of  half  an  inch.     One  of  theft 
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cups  he  expofed  to  the  air,  and  the  other  under  an  ex- 
haufted  receiver,  when  the  former  prefently  acquired  a 
florid  colour,  and  the  other  continued  twelve  hours  as 
black  as  the  firft.  It  alfo  remained  black  when  expofed 
to  the  air,  and  the  ferum  taken  off.  He  reverfed  this  ex- 
periment, and  found  that  red  blood  became  black  through 
the  depth  of  two  inches  of  ferum,  expofed  to  phlogiftU 
cated  air ;  a  confirmation  that  the  red  globules  of  the 
blood  receive  and  part  with  phlogifton  by  means  of  the 
air,  notwithftanding  the  interpofition  of  a  large  body  of 
the  fluid  in  which  they  naturally  float. 

Dr.  Prieftley,  however,  does  not  infer,  in  all  cafes,  that 
blood  becomes  black  by  imbibing  phlogifton  ab  extra  ; 
for,  if  time  be  given  it,  this  change  may  arife  frpm  inter- 
nal caufes,  as  from  putrefaction,  which  he  found  by  ex- 
perience. 

Except  ferum,  he  found  that  milk  is  the  only  animal 
fluid  through  which  the  air  can  act  upon  blood,  for  black  ' 
blood  became  red  when  plunged  into  milk  as  if  covered 
with  ferum.  It  becomes  inftantly  red  in  urine,  which  he 
attributes  to  the  faline  nature  of  that  fluid.  This  makes 
it  probable,  that  the  rednefs  of  the  blood  is  owing  not 
only  to  jt's  parting  with  phlogifton,  but  to  imbibing  the 
acidifying  principle  from  the  dephlogifticated  air, 

As  the  principal  ufe  of  the  blood  appears  to  Dr.  Prieft- 
ley  to  be  derived  from  it's  power  of  receiving  and  dif- 
charging  phlogifton,  and  the  degree  in  which  it  poflfefTes 
this  power  is  eafily  afcertained  by  the  eye,  it  might,  l-.e 
thinks,  be  worthy  the  attention  of  phyficians;  for  in 
cafes  in  which  the  blood  is  unufually  black,  and  but  little 
affected  by  common  air,-  perhaps  breathing  a  purer  air. 
might  be  prefcribed  with  advantage.  In  general,  the 
blood  he  procured  in  the  city  was  not  fo  good  as  that  got 
in  the  country,  which  he  attributes  to  the  cattle  having 
Jjeen  much  driven  and  heated  before  they  were  killed, 
F3 


70  LIFE, 

It  appears  from  Dr.  Prieftley's  account,  that  having 
afterwards  made  fbme  experiments  on  the  mutual  tranf- 
inimon  of  dephlogifticated  air,  and  of  inflammable  and 
nitrous,  through  a  moid  bladder  intcrpofcd  between  them, 
and  from  the  opinions  of  others,  he  was  foon  convinced, 
that,  betides  the  emimon  of  phlogifton  from  the  blood, 
dephlogi (Heated  air,  or  the  acidifying  principle  of  it,  is  at 
the  fame  time  received  into  the  blood;  yet  he  appears  (till 
to  be  of  opinion,  that  although  the  application  of dephlo- 
giflicated  air  to  the  outfide  of  a  vein  may  change  the  co- 
lour in  it,  as  Dr.  Goodwvn  has  proved,  this  might  have 
been  affected,  as  hefirft  fuppofed,  by  the  fnnple  difcharge 
of  phlogifton  from  the  blood,  when  it  had  an  opportunity 
of  uniting  with  the  dephlogiflicated  air  thus  prefentcd  to  it. 

La  oifier         Lavoifier  and  Crawford  formed  their  opinion  of  the  co- 

and  •  ... 

Crawford,    lour  of  the  blood  from  the  experiments  which  Prieftley 

and  Hamilton  made.  The  lad  made  three  ligatures  upon 
the  jugular  vein  of  a  cat;  having  extracted  the  blood  com- 
prehended between  two  of  thefe  ligatures,  he  introduced 
hydrogen  gas  into  it,  and  detained  it  by  doling  the  ori- 
fice; he  then  united  the  middle  ligature,  and  the  blood  be- 
tween the  third  ligature  and  that  of  the  middle  became  in 
contact  with  the  hydrogen  gas.  Having  drawn  the  blood 
from  the  vein,  he  found  it  liquid,  and  that  it  had  acquired 
a  colour  nearly  as  deep  as  ink.  Venous  blood  expofed  to 
vital  air  acquires  the  vermilion  colour  of  arterial  blood, 
and  the  vital  air  is  vitiated.  From  thefe  experiments,  La^ 
voifier  and  Crawford  are  of  opinion,  that  the  change  of 
colour  the  blood  undergoes  in  the  courfe  of  circulation 
proceeds  from  it's  uniting  with  hydrogen  ;  that  the  blood 
when  it  paffes  through  the  lungs  communicates  a  part  of 
it's  hydrogen  to  the  oxygen  contained  in  the  infpired  air, 
and  that  it  then  receives  it's  red  colour  again. 
Dr.  Good-  it  hacj  ]ong  Deen  obferved  by  Lower  (Tract,  de  Corde, 
p.  185.),  in  living  animals,  that  the  blood  from  a  wound 
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in  the  trunk  of  the  pulmonary  vein  was  florid ;  and  know- 
ing before  that  the  blood  entering  the  lungs  by  the  pulmo- 
nary artery  is  black,  he  concluded  that  it  acquired  this 
florid  colour  by  pairing  through  the  lungs;  and  finding 
afterwards,  that  when  the  animal  ceafed  to  breathe,  the 
blood  from  the  wound  in  the  pulmonary  vein  was  black, 
he  attributed  the  florid  colour  to  the  action  of  the  air  in 
refpiration.  Dr.  Goodvvyn,  ftruck  with  this  fact,  under* 
took  to  examine  the  truth  of  it.  He  procured  fome  large 
dogs,  removed  the  flernum,  andexpofed  the  trunks  of  the 
pulmonary  veins  and  arteries,  fo  as  to  be  able  todiftinguim 
accurately  the  colour  of  the  blood  palling  through  them. 
He  then  inflated  the  lungs  with  bellows,  as  defcribed  by 
Vefalius,  fo  as  to  imitate  the  natural  refpiration,  and  he 
kept  the  animal  alive  by  this  procefs  a  conflderable  time. 
In  thefe  experiments  he  obferved,  that,  during  the  infla- 
tion, the  blood  in  the  trunks  of  the  pulmonary  artery  was 
black,  but  in  the  trunks  of  the  pulmonary  veins  florid  ; 
and  when  the  inflation  was  intermitted  for  a  minute,  the 
blood  in  the  trunks  of  the  pulmonary  vein  became  gradu- 
ally black,  like  that  in  the  arteries.  Dr.  Goodwyn  like- 
wife  confirmed  Lower's  opinion  by  other  experiments  oti 
the  toad  and  lizard,  whofe  lungs  conflft  of  only  a  tranf- 
parent  bladder,  with  blood- veflels  fo  thin  that  the  colour 
of  the  circulating  blood  may  be  eafily  diftinguimed 
through  them  ;  and  in  all  the  examples,  when  the  air 
patted  into  the  lungs;  the  blood  in  the  pulmonary  vefTels 
became  gradually  florid ;  but  when  they  were  emptied  by 
prefTure,  it  became  gradually  black. 

Dr.  Goodwyn  then  inquired  to  what  part  of  the  air  re-  , 
fpired  this  change  of  colour  was  owing,  whether  to  the  ad- 
dition of  fixed  air  feparated  from  the  blood  in  pafling 
through  the  lungs-,  or  to  the  action  of  the  phlogifticated 
or  cjephlogiflicated  air.  He  found  by  experiment,  that 
F4 
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frefh  drawn  florid  blood  expofed  to  fixed  air  underwent 
no  fenfible  change,  and  as  black  blood  frefh  drawn  under- 
goes no  change  of  colour  when  expofed  to  dephlogifti- 
cated  air,  he  tried  what  the  change  of  venous  black  blood 
would  be  when  expoied  to  dephlogifticated  air,  and  found, 
in  fupport  of  the  common  affertion,  that  it  became  florid, 
whilft  a  fmall  portion  of  the  air  difappeared  during  the 
procefs ;  hence  he  is  difpofed  to  believe,  that  when  the 
dephlogifticated  air  produces  this  change,  fomething  at 
prefent  unknown  pervades  the  coats  of  the  pulmonary 
veffels  by  the  force  of  chemical  attraction. 
Dr.  Goodwyn  concludes  that, 

1.  A  quantity  of  dephlogifticated  air  is  feparated  from 
the  atmofpheric  air  in  the  lungs. 

2.  That  this  dephlogifticated  air  exerts  a  chemical  ac- 
tion upon  the  pulmonary  blood,  in  confequence  of  which 
it  acquires  a  florid  colour. 

Ghtanner.  If  arterial  blood  be  expofed  to  hydrogen  gas  in  a  glafs 
veffel,  the  quantity  of  gas  is  diminifhed,  and  the  vermilion 
colour  of  the  blood  is  change  to  a  deep  colour.  In  this 
experiment,  according  to  Girtanner,  the  contrary  paffes 
to  what  it  does  in  refpiration.  The  hydrogen  gas  in  the 
laft  cafe  unites  to  the  oxygen  of  the  arterial  blood,  to  form 
water,  and  the  arterial  blood  being  deprived  of  oxygen  be- 
comes black,  and  is  changed  into  venous  blood,  it's  deep 
colour  arifing  from  the  lofs  of  it's  oxygen.  The  experi- 
ment of  Hamilton,  before  quoted,  is  explained  by  Gir- 
tanner in  the  fame  way.  In  this  cafe  the  blood  was  found 
liquid,  and  little  coagulable,  which  Girtanner  likewife 
reckons  in  his  favour ;  for  in  his  firfl  memoir  he  afferted, 
that  the  coagulability  of  the  liquids  followed  the  fame 
laws,  and  depended  upon  the  fame  principle,  as  the  irrita- 
bility of  the  folids,  confequently  the  blood  deprived  of  the 
irritable  principle,  or  of  the  oxygen,  ought  to  be  liquid, 
i.  e.  little  or  not  coagulable.    This  chemical  phyfiologift, 
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after  having  fhown  that  the  arguments  hitherto  brought 
are  not  convincing,  proceeds  to  bring  proofs  in  favour  of 
his  own  theory. 

1 .  Venous  Blood.  Six  ounces  of  black  venous  blood, 
drawn  from  the  jugular  vein  of  a  (beep,  were  expofed  to 
oxygen  gas  under  a  glafs.  It  was  inftantly  changed  to  a 
vermilion  colour;  the  thermometer  mounted  a  few  de- 
grees, and  defcended  again.  The  mercury  under  the  glafs 
arofe  fix  or  eight  lines.  The  blood  weighed  a  little  more 
than  before.  This  proves,  according  to  Girtanner,  that 
the  blood  during  refpiration  abforbs  oxygen.  -  This  was 
confirmed  by  a  fecond  experiment.  He  opened^the  jugu- 
lar vein  of  a  (beep,  and  received  the  blood  in  a  bottle 
filled  with  oxygen  gas,  and  the  bottle  when  half  full  was 
flopped.  The  blood  immediately  became  of  a  vermilion 
colour,  very  fluid,  and  only  coagulated  flowly  into  a  thick 
and  veddifh  mafs,  from  which  no  ferum  was  feparated. 

He  injected  a  pretty  considerable  quantity  of  very  pure 
oxygen  gas  into  the  jugular  vein  of  a  dog,  which  killed  it 
in  lefs  than  three  minutes.  He  found  the  heart  more  irri- 
table than  ordinary.  The  right  auricle  and  ventricle  con- 
tained blood  of  a  vermilion  colour  not  coagulated.  The 
blood  in  the  left  ventricle,  the  aorta,  and  the  arteries,  was 
.of  a  rofe-colour,  and  mixed  with  blebs  of  air.  This  proves 
that  the  vermilion  colour  is  not  owing  to  the  lofs  of  car- 
bonated hydrogenous  gas  in  refpiration,  but  to  the  blood 
combining  with  the  oxygen  gas.  In  this  experiment,  the 
deep  colour  of  the  venous  blood  of  the  right  auricle  and 
ventricle  was  changed  into  a.  vermilion ;  yet  there  could 
be  no  lofs  of  carbonated  hydrogenous  gas ;  there  was  only 
an  addition  of  oxygen  gas. 

He  injected  a  fmall  quantity  of  azot  gas,  deprived  of 
fixed  air  by  lime-water,  into  the  jugular  vein  of  a  dog, 
which  died  in  twenty  feconds.  The  blood  of  the  right 
auricle  and  ventricle  was  black,  thick,  and  coagulated. 
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The  left  ventricle  was  of  it's  ordinary  colour.  He  found 
that  the  venous  blood  of  a  fheep  cxpofed  to  azot  became 
black  nearly  as  ink,  and  coagulated  immediately  ;  that  a 
quantity  of  ferum  was  feparated,  and  the  following  day  a 
flight  odour  of  ammonia  was  perceived  on  opening  the 
bottle. 

This  proves  that  the  colour  of  the  blood  arifes  from  the 
azot ;  and  the  ammonia  from  the  union  of  the  fame  azot 
with  the  hydrogen  gas  of  the  venous  blood.  The  colour 
of  the  blood  becoming  more  deep  after  having  loft  a  part 
of  it's  hydrogen,  appears  to  prove  that  this  deep  colour  is 
owing  to  the  carbon  of  the  blood,  and  not  to  the  combi- 
nation of  the  hydrogen  gas,  as  is  thought.  The  venou3 
blood  of  a  (heep  expofed  to  carbonic  acid  gas  in  a  bottle 
immediately  coagulated,  became  of  a  very  deep  colour, 
and  a  great  quantity  of  reddilh  ferum  leparated.  A  fmali 
quantity  of  carbonic  acid  gas  being  injected  into  the  ju- 
gular vein  of  a  dog,  killed  it  in  a  quarter  of  an  hour.  The 
blood  of  the  right  auricle  and  ventricle  was  thick,  and  in 
part  coagulated  ;  that  of  the  left  was  of  a  much  deeper 
colour  than  ufual.  This  likewife  proves  that  the  deep 
colour  of  the  venous  blood  is  not  owing  to  the  combina- 
tion of  hydrogen  gas.  One  part  of  the  oxygen  of  the 
carbonic  acid  gas  probably  united  to  the  hydrogen  of  the 
blood  to  form  water,  and  the  carbon  previoufly  united  to 
this  oxygen  combined  with  the  blood,  and  gave  it  a 
deeper  colour. 

The  venous  blood  of  a  fheep  being  expofed  to  nitrous 
gas,  immediately  coagulated,  and  a  great  deal  of  blackifh 
ferum  feparated.  The  next  day,  on  opening  the  bottle, 
a  very  ftrong  odour  of  nitric  sether  (dulcified  fpirit  of 
nitre)  was  perceived,  the  nitrous  gas  having  been  in  part 
changed  into  nitric  aether  by  the  carbonated  hydrogen  of 
the  venous  blood ;  which  proves  that  the  venous  blood 
contains  carbonated  hydrogenous  gis,  which  is  eafily  fe* 
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parated.  The  blood  having  loft  this  gas,  had  not  re- 
ceived it's  'vermilion  colour ;  but,  on  the  contrary?  a 
deeper  colour.  The  deep  colour  of  the  venous  blood  is 
not,  therefore,  owing  to  it's  union  with  carbonated  hy- 
drogen, fmce  it  becomes  deeper  after  the-  feparation  of 
the  hydrogen. 

A  fmall  quantity  of  nitrous  gas  injected  into  the  jugular 
vein  of  a  dog,  killed  it  in  lefs  than  fix  minutes.  The 
blood  in  the  right  auricle  and  ventricle  was  black,  thick, 
and  in  part  coagulated  :  that  in  the  left  was  much  more 
ideep  than  ufuaK 

2.  Arterial  blood. -—Some  arterial  blood,  from  the  caro- 
tid artery  of  a  meep,  was  expofed  to  oxygen  gas  in  the 
fame  way  as  the  former  experiments  were  made^  and  it 
immediately  received  a  more  vermilion  colour.  The  day- 
after,  a  very  fmall  quantity  of  carbonic  acid  gas  was  found 
mixed  with  the  oxygen  gas. 

Arterial  blood  immediately  coagulated  with  azot  gas, 
and  became  of  a  very  deep  colour.-  The  day  after,  a 
fmall  quantity  of  oxygen  gas  was  found  mixed  with  the 
azot  gas,  fo  that  a  candle  burned  in  it  nearly  two  minutes. 
This  experiment  proves,  1 .  that  arterial  blood  contains 
oxygen  gas:  2.  that  it's  vermilion  colour  is  owing  to  it's 
union  with  this  gas;  and  that,  as  fdon  as  it  is  deprived  of 
it,  it  afTumes  it's  deep  colour  again, 

The  blood  expofed  to  carbonic  acicj  gas  received  no 
efTecl:  from  it,  although  it  has  a  great  effect  on  venous 
blood.  Expofed  to  nitrous  gas,  it  immediately  coagu- 
lated;  and  it's  furface  was  green,  and  a  little  greening 
ferum  feparated.  The  day  after,  vapours  of  nitrous  acid 
were  obferved  on  opening  the  bottle.  This  likewife 
proves  the  prefence  of  oxygen  in  the  blood,  by  it's  con* 
verting  the  nitrous  gas  into  nitrous  acid  ;  the  green  wa» 
owing  to  a  fmall  portion  of  azot,  which  feparated  fronj. 
£he  nitrous  acid.     Expofed  to  hydrogen  gas,  it  became 
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more  vermilion -coloured,  and  remained  fluid  Come  time 
before  it  coagulated,  when  a  little  ferum  feparated.  The 
next  dav  a  little  oxygen  gas  was  found  with  the  hydrogen 
gas;  this  alfo,  according  to  Girtanner,  proves  the  pre- 
ferice  of  oxygen  gas  in  the  arterial  blood. 

A  fmall  glafs  tube  filled  with  arterial  blo©d,  and  fealed 
hermetically,  was  expofed  to  the  light;  it's  colour 
changed  by  degrees  ;  and,  in  fix  days,  it  was  as  black  as 
venous  blood.  This  repeated,  but  expofed  to  heat  in- 
ftead  of  light,  the  blood  became  black  in  a  much  lefs 
time.  Thefe  two  laft  experiments,  firft  made  by  Dr. 
Prieftley,  appear  to  Girtanner  to  prove  it  is  not  to  the 
contact  of  hydrogen  gas  that  venous  blood  owes  it's  black 
colour.  From  thefe  experiments  Girtanner  concludes 
that, 

1.  The  change  of  colour  in  the  blood,  during  circula- 
tion, is  not  owing  to  it's  combination  with  hydrogen  gas, 

2.  That  the  vermilion  colour  of  arterial  blood  arifes 
from  oxygen,  with  which  the  blood  combines  during  it's 
paflage  through  the  lungs. 

3.  That  the  deep  colour  of  the  venous  blood  is  owing 
to  the  carbon  it  contains. 

Haffenfrati.  HafiTenfratz  agrees  pretty  much  with  Girtanner.  His 
opinion  is,  that  the  red  colour  of  the  blood  proceeds,  from 
the  folution  of  oxygen  gas,  and  that  it's  brown  and  even 
black  colour  is  occafioned  by  union  of  the  hydrogen 
and  carbon  with  the  oxygen  it  holds  in  folution.  He 
draws  his  conclufion  from  thefe  facts.  He  firft  ftates  the 
two  facts  upon  which  all  chemifts  are  of  accord — 1.  that 
venous  blood,  mixed  with  oxygen,  immediately  receives 
a  beautiful  vermilion  colour ;  that  this  red  colour  changes, 
by  degrees,  and  becomes  of  a  purple,  like  the  ley  of  red 
wine,  although  the  blood  has  been  continually  in  contact 
with  the  oxygen,  and  both  air  and  blood  be  conftantly 
ftaken  together  in  order  to  unite  them.     2.  That  arterial 
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blood*  expofed  to  the  a&ion  of  every  gas  which  does  tlot 
contain  oxygen,  receives  a  colour  of  the  ley  of  wine. 
From  thefe  he  infers^  that  the  red  colour  proceeds  from 
the  folution  of  oxygen  in  the  blood,  and  it's  purple  co- 
lour from  the  oxygen  abandoning  the  blood,  and  uniting 
with  it's  hydrogen  and  carbon.     The  experiments  Haf- 
fenfratz  made  to  convince  himfelf  of  this  are,  he  found 
that  oxygenated  muriatic   acid,  when  added  to  venous 
blood,  immediately  decomposed  it,  and  gave  it  a  deep  ami 
almoft  black  colour.    He  poured  the  fame  quantity  of 
common  muriatic  acid  into  the  quantity  of  blood,  and  the 
blood  was  immediately  decompofed,  and  flocks  of  a  clear 
brown  were  precipitated,  that  had  not  the  black  colour  it 
took  with  the  oxygenated  muriatic  acid.     Since  the  dif- 
ference between  the  oxygen  of  the  oxygenated  muriatic 
acid  and  oxygen  gas  is,  that  the  firft  is  in  a  ftate  fo  as  im-  ' 
mediately  to  combine  on  being  put  into  contact  with  the 
hydrogen  and  carbon  of  the  blood,  whilft  the  fecond  is  in 
a  ftate  which  renders  the  combination  difficult,  it  follows, 
that  the  colour  the  blood  fuddenly  takes  with  the  oxyge- 
nated muriatic  acid,  is   that  which  blood  ought  to  take,     ' 
in  length  of  time,  with  oxygenous  gas.    Thus  the  black 
colour  of  the  blood  is  the  refult  of  the  intimate  combina- 
tion of  the  oxygenous  gas  with  the  carbon  and  hydrogen 
of  the  blood,  whilft  it's  red  colour  is  only  the  refult  of 
the  folution  of  oxygen  gas  in  the  blood.     To  aflure  him- 
felf more  pofitively  of  this  truth,  he  repeated  an  experi- 
ment of  Girtanner  :  he  filled   feveral  glafs  tubes  full  of 
blood  made  red  by  oxygen  gas,  and  fealed  them  herme- 
tically ;  fome  of  which  he  put  into  the  light,  others  into 
the  dark,  and  he  found  that  the  blood  in  all  was  become 
blackifh,  like  the  ley  of  wine.     The  reafon  therefore  of 
the  two  phenomena  which   have  excited  the  curiofity  of 
all  philofophers3  viz.  the  red  colour  of  the  blood  in  can- 
tad  with  oxygen,  and  the  brown  colour  when  in  contad 
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with  the  other  gafes,  are  eafily  explained.     As  loner  as 
the  blood  is  in  contact  with  oxygen,  and  this  gas  is  dif- 
folvcd  in  the  blood,  it  is  of  a  beautiful  red  ;  but  when  it 
is   in  contact  with  gafes   that  contain  no  oxygen,  that 
which  is  difiblved  in  the  blood,  and  which  occalions  it's 
vermilion  colour,  quits,  by  degrees,  the  whole  mafs  of 
blood  to  combine  partially  with  it's  hydrogen  and  carbon, 
and  it's  colour  is  brown ;  and  as  the  air  in  contact  cannot 
furniih  new  oxygen,  the  colour  continues  to  darken  until 
all  the  diflblved  oxygen  is  combined.     This  chemift  like- 
wife  explains  the  particular  fact  obferved  by  Fourcroy  ; 
the  diminution  of  the  high  red  colour  of  the  blood,  con- 
llantly  in  contact  with  hydrogen  gas,  by  the  diminution 
of  the  force  of  attraction  of  the  blood   toward  the  oxy- 
gen gas,  in  proportion  as  it's  carbon  and  hydrogen  are 
combined  with  the  gas  of  which  it  was  firft  in  poffeffion  ; 
which  affords  a  belief,  that,  fince  the  blood  which  circu- 
lates has  always  the  fame  property  of  becoming  red  by 
mixing  with  oxygen,  although  it   has  already  taken  a 
considerable  quantity,    during   it's    circulation  it  takes 
from  the  fubflances  with  which  it  is  in  contact  a  quan-  . 
tity  of  hydrogen  and  carbon,  equal  to  that  which  fuccef- 
fively  combines  with  the  oxygen.     He  then  made  fomc 
obfervations   on  the  hypothefis  of  de  la  Grange.     He 
obferves,  that  fince  the  red  colour  of  the  blood  is  thecon- 
fequence  of  the  folution  of  oxygen  gas  in  it  \  fince  the 
purple  colour  of  the  ley  of   wine,    and  even  the  dark 
brown   colour,  proceed  from  the  union  of  oxygen  gas 
with  the  carbon  and  hydrogen  of  the  blood  ;  fince  the  ve- 
nous blood  is  purple,  and  the  arterial  blood  vermilion ;  it 
follows,  that  the   arterial   blood  contains  oxygen  gas  in 
folution,  that  this  oxygen  unites  itfelf  by  degrees  with  the 
hydrogen  and  carbon  of  the  blood  during  it's  circulation, 
and  when  the  blood  returns  by  the  veins  into  the  lungs  all 
the  combination  is  made,  and  that  it  there  di  Halves  again 
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oxygen  gas,  to  return  with  a  vermilion  colour  into  the 
arteries.  As  the  dark  brown  colour,  of  the  blood  is  in 
confequence  of  the  union  of  oxygen  with  the  carbon  and 
hydrogen  of  the  blood,  and  as  the  blood  on  palling  from 
the  veins  into  the  lungs  to  return  back  into  the  arteries 
becomes  vermilion,  it  follows,  that  in  the  lungs  very  little 
union  takes  place  between  the  carbon  and  hydrogen  of 
the  blood  with  the  oxygen  of  the  infpired  air,  and  that 
the  greateft  combination  is  made  during  the  circulation. 
It  follows,  therefore,  on  concluding,  according  to  Haf- 
fenfratz,  that, 

1ft.  The  red  colour  of  the  blood  is  the  refultofit's 
diflblving  oxygen  gas. 

2d.  That  it's  brown  and  even  black  colour  arife  from 
the  combination  of  the  hydrogen  and  carbon  of  the  blood 
with  the  oxygen  diflblved  in  it. 

According  to  Davy,  the  arterial  blood  owes  it's  fine  Davy, 
vermilion  colour  to  light  and  oxygen,  or  the  phofoxygen 
entering  into  it's  compolition  ;  and  the  venous  blood  is 
black,  from  a  deficiency  of  phofoxygen,  and  a  fuper- 
abundance  of  carbon.  Having  defcribed  the  principal 
experiments  and  opinions  of  chemifts  on  the  caufe  of  the 
difference  of  colour  between  venous  and  arterial  blood, 
the  third  part  of  this  article  of  refpiration  will  give  an  ac- 
count of  the  different  fyftems  on  animal  heat. 

Animal  Heat,— The  origin  and  caufes  of  heat  in  the  opinions 
animal  body  have  been  fubje&s  of  difcuffion  from  the  °    fc 
earlieft  ages;  but  the  ignorance  of  the  ancients  in  fcience, 
and  their  fuperltition,  which  is  always  the  confequence  of 
it,  enabled  them  only  to  form  extravagant  and  abfurd 
ideas.     It  is  well  known  how  greatly  they  were  inclined 
to  attribute  every  thing  they  could  not  underftand  to  fu- 
pernatural  power,  and  this  propensity  pervaded  the  wifeft.  . 
We  are  told  that  even  the  great  father  of  medicine,  Hip-  Hippo- 
pocrates,  was  not  devoid  of  this  weaknefs.    He  confidered  Cl'^^ 
heat  as  a  my  fiery,  and  even  beftowed  upon  it  feveral  of 
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the  attributes  of  the  Deity.     "  What  we  call  heat,-'* 
fays  he,    "  appears  to  be  fomething  immortal."     We 

€«Ien.  learn  from  Galen  that  the  hypothefis  amongft  fome  phy- 
ficians  in  his  time  was,  that  animal  heat  depended  on  the 
motion  of  the  heart  and  arteries  5  and  as  they  looked 
upon  this  motion  to  be  innate,  they  confidered  that  heat 
waslikewife  fo  t  this  hypothefis  however  he  rejects;  and, 
being  a  peripatetic  philofopher,  he  accounts  for  it  accord- 
ing to  that  fyftem. 

Amongft  the  moderns,  different  authors  have  amufed 
themfelves  and  the  world  by  inventing  many  fanciful 

fieimont.  theories  on  this  fubject.  Thus  Van  Helmont  and  Sylvius 
attributed  animal  heat  to  the  effervefcence  whioh  they 
thought  took  place  in  theinteftinal  canal  from  the  mixture 
of  the  pancreatic  juice  and  the  bile.  This  notion  appears 
to  have  originated  from  having  obferved  that  a  degree 
of  heat  was  produced  from  the  mixture  of  certain  bo- 
dies, which  fometimes  amounted  to  actual  inflammation. 
Others  attributed  it  to  the  fame  caufe ;  but  difagreed  as  to 
the  place  where  this  mixture  happened,  and  of  the  nature 
of  the  fluids  of  which  it  confided. 

Atcoumed       Another  opinion,  which  continued  nearly  two  centu- 

ture/  mX  ^es>  was  tnat  °f  tne  mixture  of  acids  and  alkalis ;  it 
was  imagined  that  acefcent  fluids,  when  taken  into  the 
flomach,  met  with  others  of  an  alkaline  nature  already 
prepared  ;  and  this  gave  rife  to  the  heat  peculiar  to  the 
animal  body. 

After  the  abfurdity  of  explaining  the  phenomena  of  the 
human  machine  by  chemical  mixture  had  been  perceived 
by  phyfiologifts,  it  was  fucceeded  by  fermentation.     It 

Foments-  had  been  obferved  that  fermentation  was  productive  of 
heat,  and  as  it  was  the  fafhion  to  explain  the  phenomena 
which  took  place  in  the  vital  functions  by  fermentation, 
they  thought  they  could  not  do  better  than  to  attribute 
animal  heat  to  ihe  fame  caufe ;  and  although  fome  of  them 
modified  their  conjecture  rcfpecting  the  peculiar  fpecies  of 
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fermentation,  it  was  chiefly  confined  at  laft  to  the  putre- 
factive, more  efpecially  as  it  was  fuppofed  that  procefs 
took  place  during  digeftion.  Soon  after  the  immortal 
Harvey  had  explained  the  circulation  of  the  blood,  the 
mechanical  generation  of  animal  heat  took  it's  rife  ;  and  Mechanical 
fo  certain  were  phyfiologifts  of  it's  truth,  that  they  looked 
upon  it  almoft  as  capable  of  mathematical  demonstration. 
They  firft  conceived  this  opinion  from  obferving  that  ani- 
mal heat  generally  keeps  pace  with  the  ftate  of  the  circu- 
lation ;  that  when  the  heart  and  arteries  beat  high  and 
quick,  a  great  degree  of  heat  is  produced  :  on  the  con- 
trary, when  their  action  becomes  more  faint  and  languid, 
the  animal  heat  is  likewife  diminifhed.  There  was,  how- 
ever, one  point  in  which  the  mechanical  phyfiologifts 
could  not  agree,  /.  e.  whether  it  were  occasioned  by  the 
attrition  of  the  blood  againft  the  vefTels  which  contain  it, 
or  by  the  internal  agitation  and  friction  of  the  particles 
againft  each  other.  Hence  it  gave  rife  to  various  con- 
jectures :  many  ingenious  arguments  were  brought  in 
fupport  of  each  hypothefis ;  but,  as  facts  could  not  de- 
termine the  point,  it  fell,  as  moft  other  hypothefes  do, 
for  want  of  proper  evidence. 

According  to  Dr.  Mortimer,  animal  heat  arifes  from  'Opinion  of 
the  phofphorus  and  air  which  the  animal  fluids  contain.  mc"r* 
He  thinks  thefe  lie  in  a  dormant  ftate  until  brought  into 
contact,  which  is  effected  by  means  of  the  circulation ; 
and  if  it  were  not  for  the  abundance  of  aqueous  humours 
in  animals,  he  alleges  that  incenfions  would  frequently 
happen. 

According  to  Douglas,  animal    heat  arifes   from  the  According 
friction  of  the  globules  in  their  circulation  through  the  °    ouga" 
capillary  vefTels.     Steven  Ton  fays  that  it  is  owing  to  the 
fame  procefs  by  which  our  aliment  and  fluids  are  perpe- 
tually made  to  undergo  fome  alteration.     According  to 
Franklin,  the  fluid  fire,  as  well  as  the  fluid  air,  being  at- 
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traced  by  plants  in  their  growth,  and  confolidated  with 
the  other  materials  of  which  they  are  compofed,  after 
being  digefted,  and  having  undergone  a  kind  of  fermen- 
tation in  the  veffels,  part  of  the  fire  and  air  recovers  it's 
fluid  active  ftate  again,  and  diffufes  itfelf  over  the  body, 
which  is  the  animal  heat. 

A  more  accurate  and  extenfive  knowledge  of  the  human 
ceconomy  foon  faw   into  the  futility  of  fuch  methods  of 
argument,  and  a  more  ingenious  hypothefis  perhaps  than 
Culien.        had  hitherto   appeared    was   attempted  by  Dr.  Cullen, 
which  he  delivered  in  the  form  of  little  more  than  a  con- 
jecture.   He  was  of  opinion  that  the  difference  of  tempe- 
rature in  different  animals   is  owing  to  a  difference  in 
the  vital  principle;  fo  that,  although  the  velocity  of  the 
blood  mav  be  the  fame  in  a  frog  as  in  a  man,  yet,  in 
confequenceof  the  variety  in  the  vital  principle,  the  heat 
produced  may  be  different ;  hence  he  fuppofes  the  princi- 
ple of  life  has  the  power  of  generating  heat  or  cold. 
The  doc-         The  phlogiflon  of  Stahl  now  came  more  into  fafhion, 
cr,l"f  .c1"        and  ferved  to  explain   the  origin  of  animal  heat.     Dr. 

btahl in  r  ° 

fafhion.       Black  having  obferved  that  animals  which  refpire  are  of 

Opinion  of  """  .    . 

Biack.  all  others  the  warmeft,  and  that  there  exifts  a  ftnking. 
and  clofe  connexion  between  their  ftate  of  refpiration  and 
their  degree  of  heat,  was  induced  to  conclude  that  animal 
heat  is  generated  in  the  lungs  by  the  action  of  the  air 
on  the  phlogiflon  or  principle  of  inflammability,  in  a 
manner  not  diffimilar  to  what  he  fuppofed  to  take 
place  in  actual  inflammation,  and  that  it  is  diffufed  by 
the  circulation  over  the  reft  of  the  fyftem.  This  opi- 
nion was  defended  by  many  arguments. — 1.  It  wasfaid, 
that  fincc  a  quantity  of  mephitic  phlogifticated  air  is 
known  conftantly  to  exhale  from  the  lungs,  and  that  at- 
mofpheric  air,  by  paffing  through  the  lungs,  acquires  the 
fame  properties  as  by  pafling  through  fuel  in  actual  in- 
flammation, or  by  being  expofed  to  any  other  procefs  of 
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phlogiftication,  it  is  obvious  that  the  change  the  common 
air  undergoes  in  both  cafes  ought  to  be  attributed  to  one 
and  the  fame  caufe,  viz.  it's  combination  with  phlogifton. 
2.  This  hypothefis  has  been  fupported  by  urging,  that 
the  celerity  with  which  the  principle  of  inflammability  is 
feparated  in  refpiration,  is  very  clofely  connected  with  the 
degree  of  heat  peculiar  to  each  animal.  Thus  man, 
birds,  and  quadrupeds,  vitiate  air  very  faft;  ferpents  and 
all  the  amphibious  fpecies,  very  flowly;  and  the  latter  are 
of  an.  inferior  temperature  to  the  former,  and  breathe 
lefs  frequently.  3.  The  moft  ingenious  and  cogent  argu- 
ment which  the  defenders  of  this  theory  have  ufed  is,  thai; 
no  heat  is  generated  till  the  function  of  refpiration  takes 
place;  for  the  fcetus  in  utero  derives  all  it's  heat  from  the 
mother. 

Againft  this  theory,  Dr.  Leflie  brings  the  following  ob-  Oppofed  by 
jecYions.  lft.  That  there  are  various  proofs  of  the  im- 
poffibility  of  the  lungs  being  the  fource  or  elaboratorv  of 
animal  heat,  fince  animals  without  organs  of  refpiration 
generate  heat,  and  even  thofe  fifhes  which  are  deflitute  of 
gills  appear,  from  various  experiments,  to  be  warmer  thai\ 
the  ordinary  temperature  in  which  they  live:  hence  refpi- 
ration is  not  abfolutely  neceffary  for  the  production  of 
animal  heat.  2.  If  animal  heat  be  generated  folely  in 
the  lungs,  it  can  only  be  communicated  to  the  reft  of  the 
body  by  the  arterial  fyftem,  and  the  heat  muft  decreafe  as 
it  recedes  from  it's  fuppofed  centre.  But  it  is  more  con- 
formable to  fadts,  that  the  venous  blood  is,  if  not  warmer, 
at  leaft  as  warm  as  the  arterial ;  and  according  to  Dr. 
Stevenfon  the  thermometer  immerfed  in  flowing  venous 
blood  rifes  feveral  degrees  higher  than  that  placed  in  the 
arterial,  whilft  there  is  no  experiment  to  (how  the  tem- 
perature of  the  blood  to  be  higher  in  the  left  ventricle 
than  in  the  right;  which  would  be  the  cafe  if  all  the  ani^ 
mal  heat  was  generated  in  the  lungs.  3.  Having  thus 
O  2 
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rendered  it  improbable  that  the  generation  of  animal  heat 
fhould  be  entirely  confined  to  the  lungs,  Dr.  Leflic  en- 
deavours to  fhow  that  the  vital  fluid,  far  from  acquiring 
all  it's  heat  in  the  pulmonary  fyftem,  communicates  no 
inconfiderable  portion  of  what  it  has  received  in  the  courfe 
of  circulation  to  the  air,  alternately  entering  and  ifluing 
from  that  organ.  Were  the  blood  heated  in  the  lungs, 
their  function  would  be  lefs  neceilary  in  a  warm  than  in 
a  Cold  atmofphere :  but  it  is  known  that  when  the  air  is 
extremely  hot  a  perfon  breathes  full  and  quick  to  become* 
cool,  and  in  intenfe  cold  refpication  is  (low  and  languid ; 
which  would  not  be  the  cafe  if  the  blood  was  heated^in 
the  lungs  by  the  action  of  the  air  upon  it.  The  air  ap- 
pears rather  to  diminiOi  than  increafe  the  animal  heat  by 
carrying  offphlogifton  from  the  lungs  :  hence  Dr.JDuncan 
compared  refpiration  to  the  blowing  of  bellows  on  a  hot 
body ;  in  both  cafes  a  considerable  degree  of  heat  is  com- 
Opinion  of  municated  to  the  air.  Dr.  Leflie  having  thus  brought  his 
Dr.  Liiha.  arglin2ents  againfh  the  theory  of  Dr.  Black,  and  after 
mowing  that  heat,  though  generated,  cannot  accumulate 
in  the  foetus,  erects  another  theory  in  it's  place,  which 
depends  upon  the  following  pofitions  : 

1.  That  the  blood  contains  phlogifton. 

2.  That  this  phlogifton  is  evolved,  extricated,  or 
brought  into  a  ftate  of  activity  and  motion,  by  the  action 
of  the  blood-veffels  to  which  it  is  fubjected  in  the  courfe 
of  circulation. 

3.  That  the  evolution  of  phlogifton  is  a  caufe  which 
throughout  nature  produces  heat ;  whether  that  heat  be 
apparently  excited  by  mixture,  fermentation,  percuflion, 
friction,  inflammation,  ignition,  or  any  fimilar  caufe. 

4.  That  this  heat,  produced  in  confequence  of  the 
evolution  of  phlogifton  from  the  blood  of  different  animals, 
is  in  all  probability  equal  to  the  higheft  degree  of  heat 
thefe   animals  in  any  cafe  poffefs.     To  this  theory  of 
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Dr.  Leflie  fucceeded  that  of  Dr.  Adair  Crawford,  who 
proved  the  fundamental  principle  Leflie  laid  down,  viz.  that 
the  venous  blood  is  warmer  than  the  arterial,  to  be  falfe. 
Helikewife  appears  to  be  the  firft  who  attempted  to  af- 
certain,  by  direct  experiment,  the  caufe  of  animal  heat. 

Dr.  Crawford,  who  in  his  general  doctrine  of  heat  Theory  of, 
feems  to  agree  with  Dr.  Irwin  or  Lrlaigow,    begins  with 
an  explanation  of  his  terms.     The  words  beat   and  fire 
he  tells  us  are  ambiguous.     Heat   in  common  language  Heat., 
has  a  double  fignification  :  it  is  ufed  indiscriminately  to  ex- 
prefsa  fenfation  of  the  mind,  and  an  unknown  principle, 
whether  we  call  it  a  quality  or  a  fub/tance,  which  is  the 
exifling  caufe  of  that  fenfation.     The  latter,  with  Dr. 
Irwin,  he   calls  abfolute  heat,  the  other  relative  beat.     It 
therefore   appears  that  abfolute  heat  expreffes  in  the  abf-  Abfolute, 
trait  that  power  or  element,  which,  when  it  is  prefent  to 
a  certain  degree,  excites   in   all  animals  the  fenfation  of 
heat ;   and  relative  heat  expreffes  the  fame  power,  conii-  Relative, 
dered  as  having  a  relation  to  the  effects  by  which  it  is 
known  and  meafured ;  for  inftance,  fuch  as  the  effect  it 
produces  upon  an  in  ft  rum  en  t  called  a  thermometer,  em- 
ployed in  meafuring  it.  It  has  been  found  by  experiment, 
that  in  bodies  of  different  kinds  the  quantities  of  abfolute 
heat  may  be  unequal,  though  the  temperatures  and  weights, 
or  their  relative  heat  be  the  fame.     Thus,  if  a  pound  of 
water  and  a  pound  of  diaphoretic  antimony  have  a  com- 
mon temperature,  the  quantity  of  abfolute  heat  contained 
in  the  former  is  nearly  four  times  that  contained  in  the 
latter.  When  the  principle  of  heat  is  confidered  relatively 
to  the  whole  quantity  of  it  contained  in  bodies  of  different 
kinds,  but  which  have  equal  weights  and  temperatures,  it 
is  termed   comparative  heat.     If,  for  example,  the  tern-  Com 
peratures  and  weights  being  the  fame,  the  whole  quantity 
of  heat  in  water  be  four  times   as  great  as  that  in  an- 
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timony,  the  comparative  heats  of  thefe  fubftances  are 
faid  to  be  to  each  other  as  four  to  one.  The  comparative 
heats  of  bodies  of  equal  weights  and  temperatures  are 
greater  or  lefs  in  proportion,  as  lefs  or  greater  alterations 
are  produced  in  their  temperatures  by  equal  quantities  of 
abfolutc  heat.  Thus,  the  fame  quantity  of  heat  which 
raifes  a  pound  of  water  one  degree  is  fufficient  to  raife  a 
pound  of  mercury  28  degrees  :  hence  the  comparative 
heat  of  water  is  to  that  of  mercury  as  28  to  1.  As 
equal  weights  of  heterogeneous  fubftances  are  found  to 
contain  unequal  quantities  of  abfolute  heat,  there  mull  be 
certain  effential  differences  in  the  nature  of  bodies,  from 
which  feme  have  the  power  of  collecting  and  retaining 
that  element  in  greater  quantity  than  others.  Thefe  dif- 
Caparities  ferent  powers  are  called  the  capacities  of  bodies  for  con- 
fer conwin-  fining  heat :  thus,  if  a  pound  of  water  contains  four 
«ng  heat,  times  as  much  abfolute  heat  as  a  pound  of  diaphoretic  an- 
timony at  the  fame  temperature,  the  capacity  of  water 
for  containing  heat  is  to  that  of  antimony  as  four  to  one. 
Such  are  the  principal  definitions  Dr.  Crawford  has  laid 
down.  He  then  gives  fome  general  facts  refpeclingheat, 
and  afterward  begins  to  examine  animal  fubftances,  fo  as 
to  produce  a  theory  upon  animal  heat. 

On  making  experiments  with  animal  fubftances  refpecl:- 

Arterial       ing  their  comparative  heats,  he  found  that  arterial  blood 

contained  a  greater  quantity  of  abfolute  heat  than  water, 

which  compofed   fo  large  a  portion  of  it;  for,  taking 

water  as  a  ftandard  at   1.000,  arterial  blood  was  1.03. 

The  remarkable  accumulation  of  heat  in  this  laft  fluid 

led  Dr.  Crawford  to  fufpect  it  abforbs  heat  from  the  air 

in  the  procefs  of  refpi ration  ;  and  he  was  much  confirmed 

in  his  fufpicion  by  the  following  confiderations : 

Confides-        1 .  Thofe  animals  furnifhed  with  lungs,  and  which  eon- 

f  .uV'.'c.' "  tinually  infpire  frefh  air  in  large  quantities,  have  a  tem- 
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perature  confiderably  higher  than  the  furrounding  atmo- 
fphere,  whilft  animals  without  refpiratory  organs  are 
nearly  of  the  fame  temperature  with  the  medium  in  which 
they  live. 

2.  Among  hot  animals,  thofe  are  warmed  which  have 
the  largeft  refpiratory  organs,  and  which  confequently 
breathe  the  greateft  quantity  of  air  in  proportion  to  their 
bulk,  fuch  as  birds. 

v.  3.  The  degree  of  heat  in  the  fame  animal  is  in  fome 
meafure  proportionable  to  the  quantity  of  air  infpired  in 
a  given  time  :  thus  the  animal  heat  is  increafed  by  exer- 
cife,  or  whatever  accelerates  refpiration. 

From  thefe  he  was  led  to  examine  the  fubjecl:  of  ani-  Propofi- 
mal  heat  more  particularly,  the  refult  of  which  is  com-  particular  * 
prehended  in  the  following;  proportions  :  examina- 

17  ,  o  r      r  .■"■■".  Hon  of  am- 

1.  The  quantity  of  abfolute  heat  contained  in  pure  mai  heat. 
air  isdiminifhed  by  the  change  it  undergoes  in  the  lungs 

of  animals,  and  the  quantity  of  heat  in  any  kind  of  air  fit 
for  refpiration  is  nearly  proportional  to  it's  power  in  fup- 
porting  animal  life. 

2.  The  blood  which  panes  from  the  lungs  to  the  heart 
by  the  pulmonary  vein  contains  more  abfolute  heat  than 
that  which  paffes  from  the  heart  to  the  lungs  by  the  pul- 
monary artery. 

3.  The  comparative  quantities  of  heat  in  bodies  fup- 
pofed  to  contain  phlogifton  are  increafed  by  the  changes 
they  undergo  in  the  proceffes  of  calcinationandcombuftion. 

4.  The  colour  of  the  venous  blood  of  a  living  ani- 
mal  approaches  more  nearly  to  that  of  the  arterial  in  a 
warm  than  in  a  cold  medium  ;  lefs  air  is  phlogiiticated, 
in  a  given  time,  in  the  former  than  in  the  latter  fituation; 
and  the  heat  produced  by  the  refpiration  of  an  animal  is 
nearly  equal  to  that  produced  by  the  burning  of  wax  or 
charcoal,  the  quantities  of  pure  air  confumed  being  the 
fame. 

G4 


8S  LIFE. 

E«p!anstion  Dr.  Crawford,  from  experiments  made  on  thecompa*. 
hear  from  native  heats  of  different  airs  and  animal  fiabwances,  fo  as  to 
?r'dNe- "  exP^aintnc  phenomena  ofrefpiration  and  animal  heat,  found 
jperimems.  that  water  being  the  ftandard  at  1 .000,  inflammable  air  was 
21.4000;  dephlogifticated  air 4.7480;  atmofpherical  air 
1 .7900 ;  aqueous  vapour  1 .5500 ;  fixed  air  1 .0454 ;  phlo- 
gifticated  air  0.7936  3  arterial  blood  1.0300;  venous 
blood  0.8928;  frefh  milk  of  the  cow  0  9999  ;  bide  of  an 
ox  with  the  hair  0.7  870;  lungs  of  a  (liee^O.7690;  lean  of 
the  beef  of  an  ox  0.7400  : — he  therefore  forms  an  efti- 
mate  of  the  quantity  of  heat  yielded  by  the  purer  part  of 
atmofpherical  air  when  it  is  converted  into  fi:  ed  air  and 
aqueous  vapour  during  refptration,  and  alfo  of  that  which 
is  abforbed  during  the  conversion  of  venous  into  arterial 
blood  by  the  fame  procefs,  explaining  his  theory  of  ani- 
mal beat  in  the  following  manner. 

From  having  proved  that  the  comparative  heat  of  pure 
air  is  to  that  of  the  fixed  air  and  aqueous  vapour,  into 
which  it  is  changed  in  the  lungs,  as  three  to  one,  the 
fame  heat  which  raifes  the  pure  air  one  degree  will  raife 
the  fixecfrair  and  aqueous  vapour  three  degrees;  and,  con- 
sequently, the  fame  heat  which  raifes  pure  air  any  given 
number  of  degrees  will  raife  the  fixed  air  and  aqueous 
vapour  the  fame  number  of  degrees  multiplied  by  three. 

Having  proved  that  pure  air  at  the  common  tempera- 
ture of  the  atmofphere  contains  15  50  degrees  of  heat,  if  a 
cettain  quantity  of  pure  air,  not  in  contact  with  any  body 
that  would  immediately  carry  off  the  heat,  fliould  fuddenly 
be  converted  into  fixed  air  and  aqueous  vapour,  the  heat 
contained  in  the  former  would  raife  the  latter  1550  de- 
grees multiplied  by  three,  or  4650  degrees  ;  and  the  tem- 
perature of  red  hot  iron  being  1050,  it  follows  that  the 
quantity  of  heat  yielded  by  pure  air,  when  converted  into 
fixed  air  and  aqueous  vapour,  is  fueh  (if  it  were  notdirli-j 
pated)  as  would   raife  the  air  and  vapour  fo  changed   to 
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more  than  four  times  the  excefs  of  the  heat  of  red-hot 
iron  above  the  common  temperature  of  the  atmofphere. 
If,  therefore,  the  abfolute  heat  which  is  difengaged  from 
the  air  in  refpiration  were  not  abforbed  by  the  blood,  a 
very  great  degree  of  fenfible  heat  would  be  produced  in 
the  lungs. 

Again,  having  proved  that  the  fame  heat  which  raifes 
tenous  blood  115  degrees  will  raife  arterial  only  100  de-  x 
grees  ;  the  fame  heat  which  raifes  venous  blood  any  given 
number  of  degrees  will  raife  arterial  a  lefs  number,  in  the 
proportion  of  100  to  115,  or  of  20  to  23.  But  venous 
blood  contains  at  leaft«1580  degrees  of  heat :  hence,  if  a 
certain  quantity  of  venous  blood,  not  in  contacl  with  any 
body  that  would  immediately  fupply  it  with  heat,  fhould 
fuddenly  be  converted  into  arterial,  the  heat  contained  in 
the  former  would  raife  the  latter  only  -||  of  1580  degrees, 
or  1373  degrees;  and  confequently  the  fenfible  heat 
would  fuffer  a  diminution  equal  to  the  difference  between 
1580  and  1373,  or  nearly  200  degrees.  But  the  com- 
mon temperature  of  the  blood  is  96 :  when  therefore  , 
venous  blood  is  converted  into  arterial  in  the  lungs,  if  it 
were  not  fupplied  by  the  air  with  a  quantity  of  heat  pro- 
portionable to  the  change  it  undergoes,  it's  fenfible  heat 
would  be  diminifhed  200  degrees,  or  it  would  fall  from 
96  to  104  below  the  zero  of  Fahrenheit. 

That  animal  heat  depends  upon  the  feparation  of  ele- 
mentary fire  from  the  air  in  the  lungs  is  likewife,  accord- 
ing to  Dr.  Crawford,  fupported  by  experiments  made  in 
fupport  of  the  third  and  fourth  propofitions.  For  from 
thofe  of  the  third  it  appears,  that  when  bodies  are  united 
with  the  inflammable  principle  they  part  with  a  portion 
of  their  elementary  fire;  and  when  tjiis  is  again  difen- 
gaged, they  reabforb  an  equal  portion  of  this  fire  fromu 
the  furrounding  bodies.  It  alfo  appears,  from  thofe 
of  the  fourth  proposition  compared  with  the  difcoveries  of 
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Prieflley  and  Cavendifh,  that  when  pure  air  is  combined 
with  the  inflammable  principle,  in  the  (late  of  light  in- 
flammable air,  it  is  changed  into  aqueous  vapour ;  but  in 
the  (late  of  heavy  inflammable  air  it  is  converted  into 
fixed  air ;  that  wax,  oil,  and  tallow  confifl  chiefly  of 
heavy  and  light  inflammable  air  in  a  folid  flate  ;  that, 
when  pure  air  is  altered  by  the  combuflion  of.thefe  fub- 
flances,  fixed  air  and  aqueous  vapour  are  produced,  and 
the  fame  produces  are  obtained  when  that  fluid  is  altered 
by  the  refpiration  of  an  animal.  Henee  it  follows,  that 
in  refpiration  and  combuflion  the  pure  air  is  altered  in 
it's  properties  by  combining  with  the  inflammable  prin- 
ciple :  and  fince  we  know  that  the  union  of  thefe  ele- 
ments is  univerfally  accompanied  with  the  extrication  of 
heat,  and  a  large  quantity  of  elementary  fire  is  difen- 
gaged  from  the  air  in  the  combuflion  of  oleaginous  fub- 
flances  in  particular,  it  may  be  concluded,  that  in  the 
procefs  of  refpiration  a  fimilar  extrication  of  fire  takes 
place ;  and  this  is  confirmed  by  fome  experiments,  the 
refults  of  which  are,  that  when  equal  quantities  of  air  are 
changed  by  the  refpiration  of  an  animal,  and  by  the  com- 
buflion of  a  wax  taper,  the  quantities  of  fenfible  heat 
produced  are  nearly  the  fame. 

It  has  alfo  been  proved,  that  the  change  the  blood  un- 
dergoes during  it's  circulation  in  the  lungs  is  fimilar  to 
that  which  folid  bodies  undergo  when  melted ;  /.  e.  their 
capacities  are  increafed  :  and  fince  when  folid  bodies  are 
melted  a  quantity  of  heat  is  abforbed,  it  may  be  conclud- 
ed, that  when  venous  is  changed  into  arterial  blood  a  fi- 
milar abforption  takes  place. 

Laflly,  experiments  mow,  that  when  an  animal  is 
placed  in  a  cold  medium,  the  venous  blood  acquires  a 
deeper  hue,  and  a  greater  quantity  of  air  is  altered  by  re- 
fpiration in  a  given  time  than  when  it  is  in  a  warm  me- 
dium. Now,  Dr.  Prieflley  has  proved  that  the  livid 
colour  of  the  venous  blood  depends  upon  it's  union  with 
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the  inflammable  principle :  hence,  the  more  the  blood 
contains,  the  more  it  phlogifticates  the  air  in  the  lungs  in 
a  given  time,  and  a  greater  quantity  of  elementary  fire  is 
abforled,  in  proportion  as  the  animal  is  in  a  medium  of 
a  low  temperature.  Hence,  the  quantity  of  heat  fepa- 
rat?d  from  the  air,  and  abforbed  by  the  blood,  is  in  all 
cafes  proportioned  to  the  neceflity  :  the  elementary  lire  is 
thereto  re  the  true  caufe  of  animal  heat. 

Animal  heat,  therefore,  depends  upon  a  procefs  refem-  Source  of 
bling  a  chemical  elective  attraction.  The  pure  air  is  re-  and  thepr^ 
ceived  into  the  lungs  containing  a  great  quantity  of  ele~  predion, 
mentarv  fire;  the  blood  is  returned  from  the  extremities 
impregnated  with  the  inflammable  principle;  the  attrac- 
tion of  pure  air  to  the  latter  principle  is  greater  than  that 
of  the  blood.  This  principle  will  therefore  leave'  the 
blood  to  combine  with  the  air  :  by  this  combination  the 
air  is  obliged  to  depoflt  a  part  of  it's  elementary  fire;  and 
as  the  capacity  of  the  blood  is  at  the  fame  moment  in- 
creafed,  it  will  inftantly  abforb  that  portion  of  fire  de- 
tached from  the  air.  The  arterial  blood,  in  it's  palfage 
through  the  capillary  veffels,  is  again  impregnated  with 
the  inflammable  principle;  hence  it's  capacity  for  heat  is 
diminiflied,  as  is  fhown  by  experiments  in  proof  of  the 
fecond  proposition.  '  It  will  therefore,  in  the  courfe  of 
circulation,  gradually  give  out  the  heat  it  received  in  the 
lungs,  and  diffufe  it  over  the  whole  fyflem.  Thus,  in  re- 
fpiration,  the  blood  is  continually  difcharging  the  inflam-. 
mable  principle  and  abforbing  heat,  and  in  circulation 
continually  imbibing  this  principle  and  emitting  heat. 
But  as  heat  is  not  proved  to  be  a  fubftance,  Dr.  Crawford 
does  not  mean  to  fay  that  elementary  fire  is  capable  of 
chemical  combination;  or  to  affirm  that  heat  is  difen- 
gaged  from  the  air  in  refpi  ration  by  means  of  a  double 
elective  attraction :  he  only  gives  conclusions  deduced 
from  facts  and  experimental  teftimony;  and  if  it  be  ad- 
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mitted  xs  a  certain  truth,  that  a  diminution  is  produced  in 
the  quantity  of  heat  contained  in  the  air,  and  an  increafe 
in  it  contained  in  the  blood,  by  refpiration,  it  will  not  be 
denied  that,  in  this  procefs,  heat  is  continually  paffing 
from  the  air  to  the  blood. 

To  this  may  be  added,  that  as  the  blood  by  it's  impreg- 
nation with  the  inflammable  principle  has  it's  capacity  for 
heat  diminifhed,  fo,  on  the  contrary,  thofe  parts  of  the 
fyftem  from  which  it  receives  this  'principle  will  have 
their  capacity  for  heat  increafed,  and  will  confequently 
abforb  heat. 

The  capacities  of  thofe  parts  which  give  out  the  in- 
flammable principle  are  not  however  fo  changed  as  to 
abforb  all  the  elementary  fire  during  circulation;  for  then 
it  would  be  necelfary  to  have  recourfc  to  fome  other  caufe 
to  account  for  the  fenfible  heat  produced  in  the  circula- 
tion :  hence,  a  part  of  the  fire  feparated  becomes  redun- 
dant.    This  is  likewife  fupported  by  an  extenfive  analogy ; 
Arterial      for  the  procefs  by  which  the  arterial  blood  is   phlogifti- 
rlflica^m  cate<^  during  it's  patTagc  through  the  minute  vefTcls  is  fi- 
the  fa:ne      milar  to  that  by  which  pure  air  is   phlodfticated  in  the 

way  as  oute 

an  Li  com-  combuftion  of  oleaginous  fubftances.  In  the  latter  pro- 
cefs, the  inflammable  principle  is  feparated  from  an  earthy 
bafts,  and  combined  with  the  air;  in  the  former,  it  is  fe- 
parated from  the  putrefcent  parts  of  the  fyftem,  and  com- 
bined with  the  blood.  In  both  cafes,  the  capacity  of  the 
body  which  parts  with  it  is  increafed,  and  that  of  the  body 
which  receives  it,  diminifhed  ;  and  fince  in  combuftion  a 
quantity  of  heat  becomes  redundant,  theconclufion  is,  that 
,    '  the  fame  happens  in  circulation.     It  muft,   however,  be 

granted,  that  thofc  parts  of  the  fyftem  which  communi- 
cate the  inflammable  principle  to  the  blood  have  their  ca- 
pacity increafed,  and  therefore  a  part  of  the  fire  feparated 
from  the  blood  will  be  abforbed ;  and  to  this  caufe  is 
perhaps  owing,  that  lefs  heat  is  produced  by  an  animal 
than  by  the  burning  of  a  wax  taper,  the  quantities  of\tir 
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confumed  being  equal;  for,  probably/  the  putrescent 
juices  as  foon  as  they  have  given  the  inflammable  princi- 
ple to  the  blood  fly  off  in  the  form  of  infenfible  perfpira- 
tion,  carrying  a  part  of  the  fire  detached  in  circulation : 
the  portion  of  fire  thus  abforbed,  however,  is  not  very 
confiderable,  as  appears  from  the  quantity  of  heat  which 
becomes  fenfible  in  the  animal  body.  It  therefore  ap- 
pears, that  the  blood  in  it's  progrefs  thrpugh  the  fyflem  Pan  of  the 
gives  out  the  elementary  fire  it  had  received  in  the  lungs  d^"""1" 
from  the  air,  a  fmall  portion  of  which  fire  is  abforbed  by 
thofe  particles  which  impart  the  principle  to  the  blood, 
and  the  reft  becomes  redundant,  or  is  converted  into 
moving  and  fenfible  heat. 

Dr.  Crawford  then  recites  the  principal  fa£ts  relating  Principal 

.  .  .        ,       r  „  laas  rela- 

to  animal  heat  in  the  following  manner  :  ing  to  ani. 

1.  He  is  of  opinion,   that  the  do&rinejuft  {rated  ex- maiheat* 
plains  the  reafon  why  breathing  animals  have  a  higher 
temperature  than  thofe  which  are  not  furnifhed  with  re-  An'mais 
fpiratory  organs  ;   for  it  has  been  proved,  that  the  former  y^J^1" 
are  continually  abforbin^  heat  from  the  air :  and  it  is  pro  -  £:"s  havea 

J  °  .         .  ni&Ssertem- 

bable,  that   to  provide  an  apparatus  for  the  abibrption  of  peramie 
heat,  was  the  chief  purpofe  of  nature  in  giving  to  fo  great  ^hkh  hive 
a  part  of  the  animal  creation  a  pulmonary  fyftem,  and  a  aot* 
double  circulation.     The  quantity  of  air  changed   by  a 
man  in  a  minute  is  found  by  experiment  to  be  equal  to 
that  altered  by  a  candle  in  the  fame  fpace  of  time.;  and 
hence  a  man  is  continually  deriving  as  much  heat  froth 
the  air  as  is  produced  by  the  burning  of  a  candle.     Na-     ' 
turalifls  have  remarked,  that  the  cold  animals  have  alfo 
the  power  of  keeping  themfelves  at  a  temperature  fome- 
what  higher  than  the  furrounding  medium.     It  is  proba- 
ble that  in  thefe  animals  the  aliment  contains  more  abfo- 
lute  heat  than  the  blood  ;t  for,  -as  the  blood  during  it's 
paffhge  through  the  capillary  veffels  has  it's  capacity  di- 
minifhed,  and  hence  is  obliged  to  give  out  a  part  of  it's 


04  LIFE. 

abfolute  heat,  the  fourcefrom  which  it  is  again  fupplied, 
thefe  animals   having  no  lungs,  and  confequently  a  want 
of  refpiration,  'is  perhaps  the  aliment. 
The  pro-  2.  From   the   experiments  of  Dr.    Fordvce  made   in 

dutf  ion  of  . 

old  in  the  heated  rooms,  it  appears  that  the  animal  body  has,  in  cer- 
t^Jy?1  tam  fituations,  the  power  of  producing  cold,  or  of  keeping 
itfelf  at  a  lower  temperature  than  the  furrounding  me- 
dium. This  could  not  arife  folely  from  evaporation  from 
the  furface,  as  fome  have  fuppofed,  as  the  Doctor  re- 
mained in  moid  air  heated  to  130  for  15  minutes,  when 
the  thermometer  flood  at  100  under  his  tongue,  and 
flreams  of  moifture  ran  from  his  whole  body,  from  the 
condenfation  of  vapour,  as  appears  from  a  fimilar  con- 
denfation  on  the  furface  of  a  Florentine  flaflc  filled  with 
water  at  100.  lie  found  a  dog  could  live  without  much 
inconvenience  a  confiderable  time  in  air  at  260,  the  body 
of  the  animal  being  never  raifed  more  than  two  degrees 
above  the  natural  ilandard.  That  this  generation  of  cold 
does  not  arife  folely  from  evaporation,  appears  from  fome 
experiments  made  by  Dr.  Crawford  upon  living  and  dead 
frogs.  A  living  and  dead  frog,  equally  moid  and  nearly 
of  the  fame  bulk,  the  former  being  at  67,  the  latter  at  68, 
were  laid  upon  flannel  in  air  raifed  to  106.  Two  fenfible 
thermometers  were  placed  in  contact  with  the  (kin  under 
the  axillae,  and  the  order  of  cooling  was  obferved  for  25 
minutes. 

Minutes. 

In       1 

2 

3 

4 

25 

The  thermometers  being  introduced  into  the  ftomaeh, 
the  internal  heat  was  found  to  be  the  fame  with  that  at 
the  furface.  Hence  the  living  frog  acquired  heat  more 
(lowly  than  the  dead  one.     A  living  and  dead  frog  were 
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taken  at  75,  and  immerfed  in  water  at  93,  the  living  frog 
being  placed  in  fuch  a  fituation  as  not  to  interrupt  refpi- 
ration. 

Minute.  Dead  Frog.  Living  Frog. 
In        1                             85  81 

2  88^.  85 

3  90^.  $? 

5  914  69 

(5  91^  .     89 

8  91i  8Q 

Since  therefore  living  frogs  have  the  power  of  pro- 
ducing cold  in  warm  water,  as  well  as  in  warm  air ;  and 
fince  the  human  body  has  the,  fame  power  in  a  moift  as 
well  as  in  a  dry  air;  we  may  conclude  that  this  power 
does  not  folely  depend  upon  evaporation.     Dr.  Crawford 
therefore  explains  it  as  follows  : — It  appears  from  experi- 
ment that  the  capacity  of  the  blood  for  containing  heat  is 
fo  much  increafed  in  the  lungs,  that  if  it's  temperature 
were  not  fupported  by  the  heat  feparated  from  the  air  in 
refpiration,  or  the  parts  adjacent,  it  would  fink  200  de- 
grees.  Hence,  if  evaporation  from  the  lungs  be  fo  much 
increafed  as  to  carry  off  alf  the  heat  detached  from  the  air, 
the  arterial  blood,  when  it  returns  by  the  pulmonary  vein, 
will  have  it's  fenfible  heat  greatly  diminifhed,  and  will 
consequently  abforb  heat  from  the  veflels  in  contact  with 
it  and  the  neighbouring  parts.     The  heat  thus  abforbed 
in  the  greater  vefTels  will   again  be  extricated  in  the  ca- 
pillaries, where  the  blood  receives  a  frefh  addition  of  the 
inflammable  principle.     If  in  this  cafe  the  blood,  during 
each  revolution,  were  to  be  equally  impregnated  with  it, 
the  whole  effecl:  of  the  above  procefs  would  be  to  cool 
the  fyftem  at  the  centre,  and  convey  the  heat  to  that  part 
of  the  body  where  it  can  be  inftantly  carried  off  by  eva- 
poration. But  it  appears  that,  when  an  animal  is  placed  in 
a  heated  medium,  the  blood  is  lefs  impregnated  ;  for  the 
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venous  blood  in  this  cafe  becomes  gradually  paler  and 
paler,  till  it  is  nearly  like  arterial ;  and  it  is  proved  by 
Dr.  Prreflley,  that  the  livid  colour  depends  upon  combin- 
ing with  the  inflammable  principle  in  the  minute  vcffels. 
Since,  therefore,  in  a  heated  medium,  it  does  not  afTume 
the  fame  livid  hue,  we  may  conclude  it  does  not  take  in 
an  equal  quantity  of  the  phlogillic  principle;  and  this 
conclufion  is  confirmed  by  experiments,  which  prove  that 
the  quantity  of  air  an  animal  phlogifiicates,  in  a  given 
time,  in  a  warm  medium,  is  lefs  than  in  a  cold  medium. 
It  follows,  from  thefe  fa&s,  that  the  quantity  of  heat 
given  by  the  blood  in  the  capillaries  will  not  equal  what  it 
had  abforbed  in  the  greater  veflels,  or  pofitive  cold  will  be 
produced.  For  example  : — If  the  blood  in  pafling  to  the 
capillaries  abforb  from  the  greater  veflels  a  quantity  of 
heat  as  200,  and  if,  from  not  receiving  a  lefs  impregnation 
of  the  phlogillic  principle  than  formerly,  it  give  off  at  the 
extreme  veflels  a  quantity  of  heat  only  as  150,  a  degree 
of  refrigeration  will  be  produced  as  50  ;  and  this  refrigera- 
ting caufe  will  continue  to  act  while  the  colour  of  the 
venous  is  approaching  the  arterial,  till  it  comes  the  nearer! 
poffible ;  after  which  it  will  ceafe  to  operate.  Thus,  when 
animals  arc  placed  in  a  warm  medium,  the  fame  procefs 
which  formerly  fupplied  them  with  heat  becomes  for  a 
time  the  inflrument  of  producing  cold,  and  probably  pre- 
ferves  them  from  fuch  rapid  alterations  of  temperature  as 
might  prove  fatal  to  life.  Upon  the  whole,  the  increafed 
evaporation  from  the  furface,  and  the  diminution  of  that 
power  by  which  the  blood  in  it's  natural  (late  is  im- 
pregnated with  the  phlogiftic  principle,  feem  to  be  the 
great  caufes  on  which  the  refrigeration  depends.  By  the 
firft  the  animal  is  cooler  at  the  furface,  and  by  the  fecond 
an  accumulation  of  heat  at  the  centre  is  obviated. 

The  power  which  animals  poflefs  of  cooling  ihemfelves 
at  the  centre,  when  placed  in  a  medium  above  their  natur 
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ral  heat,  feems  peculiarly  neceffary  to  preferve  life.  For, 
as  the  heat  received  at  thefurface  is  fpeedily,  in  fuch  cafes, 
carried  towards  the  internal  parts  by  the  reflux  of  the 
heated  fluids,  if  it  were  not  abforbed  and  rendered  infen- 
fible  by  the  change  of  the  blood  in  the  lungs,  the  central 
heat  would  probably  foon  be  fo  increafed  as  to  deftroy 
the  vital  principle. 

3.  The  reafon  is  now  evident  why  animals  preferve  an  The  equal 
equal  temperature  during  the  great  variations  of  the  heat  tmtFrf 
of  the  atmofphere,  arifing   from  the  changes  of  weather  ammals* 
and  difference  of  feafon  and  climate. 

From  experiments  in  proof  of  the  fourth  proportion 
it  appears,  that  in  refpiration  the  difference  between  the 
purity  of  the  inhaled  and  expired  air  is  increafed  by  ex- 
pofing  the  animalto  cold  3  and  likewife  the  difference  be- 
tween the  colour  of  the  arterial  and  venous  blood  is  aug- 
mented from  the  fame  caufe.  But  the  quantity  of  fire  fe- 
parated  from  the  air  muft  be  in  proportion  to  thefe  dif- 
ferences. For,  as  the  extrication  of  heat  from  that  element 
is  produced  by  it's  phlogiftication,  the  more  completely  a 
given  portion  of  air  is  phlogiflicated,  the  greater  will  be 
the  quantity  of  heat  detached  from  it.  The  fame  with  re- 
fpe&  to  the  phlogiftication  of  the  blood.  It  follows,  as  foot* 
as  by  expofure  to  cold  an  unufual  diffipation  of  the  vital 
heat  is  produced,  the  blood  will  begin  to  be  more  deeply 
phlogiflicated ;  hence  will  give  more  of  it  to  the  air,  and 
in  return  get  a  greater  portion  of  fire.  In  fummer  the 
i-everfe  will  take  place ;  the  air  will  be  lefs  tainted  by  re- 
fpiration, a  fmaller  portion  of  the  phlogiflic  principle  will 
be  attracted  by  the  blood,  and  the  quantity  of  fire  abforbed 
will  be  proportionally  diminifhed.  Hence  the  heating 
and  cooling  powers  in  the  animal  body  are  fo  adjufled  to 
each  other,  as  to  produce  an  equal  efTecl: ;  and  confequently 
the  law  by  which  animals  maintain  an  uniform  tempera- 
ture is  fimilar  to  that  by  which  the  temperatures  of  bodies 
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become  fixed  when  they  have  arrived  at  the  melting  or 
freezing  points.  When  freezing  water,  for  example,  19 
expofed  to  a  cold  atmofphere  she  quantity  of  elementary 
fire  carried  off  by  the  furrounding  air  is  precifely  ba- 
lanced by  what  is  extricated  from  the  water  at  the  moment 
-of  congelation.  In  like  manner,  when  an  animal  is  ex- 
pofed  to  a  cold  atmofphere,  the  quantity  of  heat  carried 
off  by  the  circumambient  medium  is  balanced  bv  what  is 
detached  from  the  blood  in  circulation.  On  the  contrary, 
when  ice  is  placed  in  a  warm  atmofphere,  the  whole  of 
the  heat  it  receives  is  rendered  infenfible;  and  it  has  been 
mown,  that  when  an  animal  is  placed  in  a  warm  medium, 
a  fimilar  extinction  of  the  heat  takes  place. 

Hence  the  power  animals  poffefs  of  generating  heat  is 
in  all  cafes  proportioned  to  the  demand.  It  is  increafed 
by  the  winter  colds,  dimini(hed  by  the  fummer  heats,  and 
is  totally  fufpended,  or  converted  into  a  contrary  power, 
as  the  exigencies  of  the  animal  may  require. 

As  the  quantity  of  air  an  animal  phlogifticates  in  a 
warm  medium  is  not  fo  great  as  in  a  cold  one,  it  follows, 
that  in  countries  between  the  tropics  the  air  will  be  lefs 
contaminated,  ceteris  paribus,  by  the  jefpiration  of  ani- 
mals than  in  the  temperate  and  frigid  zones;  and  the  dif- 
ference is  considerable,  if  we  recollect  that  the  phlogifti- 
cation  of  a  given  quantity  of  air  by  an  animal  at  the  tem- 
perature of  50,  was  found  to  be  twice  as  great  as  that 
produced  by  the  fame  animal  in  an  equal  time  at  100. 
In  thofe  parts  of  the  earth,  therefore,  in  which  the  conr 
tamination  of  the  air  is  increafed  by  the  influence  of  heat 
upon  dead  animal  fubftances,  that  element  fuftains  lefs  in^ 
jury  from  the  refpiration  of  living  animals. 

4.  Among  different  animals,  thofe  are  the  hotted  which 
proportion  breathe  the  greateft  quantity  of  air  in  proportion  to  their 
hr  h  sin  bulk;  and  in  the  fame  animal  the  degree  of  heat  is  iti 
5JJ1c',eq       fome  meafure  proportionable  to  the  quantity  of  air  inhaled 
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m  a  given  time.  Hence  in  exercife,  by  the  a&ion  of  the 
mufcles,  the  venous  blood  is  returned  from  the  extre- 
mities, in  greater  quantities  than  ufual,  to  the  right  auri- 
cle of  the  heart.  By  the  action  of  the  heart  it  is  deter- 
mined to  the  lungs.  The  refpiration  is  accelerated,  the 
velocity  of  circulation  increafed,  and  hence  a  proportion- 
able increafe  in  the  quantity  of  heat  abforbed.  The  cold 
ftage  of  fevers  is  preceded  by  languor,  and  a  diminution 
in  the  action  of  the  heart  and  arteries.  The  refpiration  is 
fmall,  the  quantity  of  blood  which  paffes  through  the 
lungs  in  a  given  time  is  diminifhed;  and  hence  lefs  phlo- 
gifton  will  be  difcharged  from  the  blood,  and  confequently 
lefs  heat  feparated  from  the  air.  In  putrid  fevers,  as  the 
folid  and  fluid  parts  of  the  fyftem  are  in  a  putrefcent  Hate, 
and  confequently  retain  the  principle  of  inflammability 
with  lefs  force,  a  greater  quantity  of  this  principle  will 
be  difcharged  from  the  lungs,  the  air  will  be  more  copi- 
oufly  fupplied  with  it  in  the  procefs  of  refpiration,  and 
will,  therefore,  impart  to  the  blood  a  greater  proportion 
of  it's  abfolute  heat.  To  thefe  caufes  it  is  probably  owing, 
that  the  heat  of  the  human  body  never  rifes  fo  high  as  in 
putrid  fevers. 

5.  Topical  inflammation  is  accompanied  with  rednefs,  Thein- 
tumour,  andunufual  heat.     From  the  throbbing  of  the  £^enof 
veflTels,  and  from  microfcopical  obfervations,  it  appears  *°Picai  »n- 

.  r  .  flammation. 

that  the  velocity  of  the  blood  through  the  part  inflamed  is 

accelerated.  Hence  the  blood  is  more  copioufly  fupplied 
with  phlogifton,  and  a  greater  quantity  of  heat  will  there- 
fore be  extricated  in  a  given  time.  This  heat  will  ftimu- 
late  the  vefTels  into  more  frequent  and  forcible  contrac- 
tions, by  which  the  velocity  of  the  blood,  and  the  confe- 
quent  extrication  of  heat,  will  be  (till  further  increafed. 
It  is  on  this  principle  that,  according  to  Dr.  Crawford,  we 
may  perhaps  account  for  the  partial  heats  produced  by 
topical  inflammations,  and  for  thofe  in  hectic  and  nervous 
H3 
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difeafes.  Heat  in  topical  inflammations  is  accumulated 
by  the  increafed  velocity  of  the  blood  through  the  part 
inflamed,  in  the  fame  manner  as  it  is  accumulated  upon 
the  fuel  in  combuftion  by  directing  a  ftream  of  frefh  air 
into  the  fire. 
Several  Mayow  has  already  been  confidered  as  the  firft  amongft 

thatrrfj  in-  the  modern  philofophers,  who  fhowed  the  caufe  of 
combuftion  combuftion  and  refpiration  to  be  the  fame.  It  however 
™fe  !r,m  appears  that  feveral  had  preceded  him,  if  not  in  experi- 
ence, ment,  at  leaft  in  conjecture.  Something  was  fuppofed  to, 
exift  in  the  air,  equally  neceflary  to  refpiration  and  com- 
buftion, fo  early  as  the  beginning  of  the  feventeenth  cen- 
cury.  Pegelius,  in  a  book  entitled  Thefaurus  Rerum 
felectarum,  magnarum,  dignarum,  utilium,  fuavium,  pro 
Generis  humani  Salute  oblatus,  Audi:.  Magno  Pegelio, 
1604,  fays,  "  quod  aer  refpiratione  attrattu<y  corpus  to- 
"  turn  fubintret,  et  motum  continue  cum  vita  reftituat 
t€  et  fuftentet,  et  illud  quod  hinc  continue  exterius  de- 
"  fluit  et  quod  per  os  iterum  ex  interioribus  feu  ex  tote* 
"  egredilur,  reftituatetfubimpleat;  non  fecus  quam  ignis 
"  ex  aere  attraftA,  et  corpora  excalefa&a  et  ardentia  pene- 
"  trante  fubindegeneratur  et  fie  alitur."  We  are  inform^ 
cd  by  Dr.  Thornton  that  Hooke,  in  his  Micrographia 
printed  in  Nov.  1664,  had  made  fome  difcoveries  relative 
to  the  ufe  of  air  in  combuftion  and  refpiratioiij  by  which 
he  preceded  Mayow  nearly  four  years  ;  "  the  air  being 
"  a  fubjecV'  fays  Hooke,  <f  which  (although  all  the 
"  world  has  hitherto  lived  and  breathed  in,  and  been  con- 
'<  verfant  about)  has  yet  been  fo  little  explained,  that  a 
"  diligent  inquirer  will  be  able  to  find  but  very  little  in- 
u  formation  from  what  has  been  (till  of  late)  written  upon 
11  it :  but  being  once  well  underftood,  it  will,  I  doubt  not, 
"  enable  a  man  to  render  an  intelligible,  nay,  probable, 
'*  if  not  the  true  reafon  of  all  the  phenomena  of  fire, 
"  which,  as  it  has  been  found  by  writers  and  philofophers 
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w  of  all  ages,  a  matter  of  no  fmall  difficulty,  as  may  be 
"  fufficiently  underftood  by  their  ftrange  hypothefes  and 
tt  unintelligible  folutions  of  fome  few  phenomena  of  it  $ 
cf  fowill  it  prove  a  matter  of  no  fmall  concern  and  ufe  in 
tc  human  affairs,  when  I  come  to  fhow  the  ufe  of  air  in 
u  refpiration,  and  for  the  prefervation  of  the  life  ;  nay, 
"  for  the  conservation  and  reftoration  of  the  health  and 
({  natural  conftitution  of  mankind,  as  well  as  all  other 
cc  aerial  animals)  as  alfo  the  ufes  of  this  principle  or 
t{  property  of  the  air  in  chymical,  mechanical,  and  other 
"  operations/' 

A  third  inftance  of  the  procefs  of  refpiration  having 
been  compared  to  combuflion,  is  in  the  collection  of 
Wedel,  publifhed  at  Jena  in  1686 ;  the  title  is,  "  G.  W. 
WedelExercitat.Med.Phyfiol.  &c.  Jena,  1686/' in  which 
is  a  differtation,  "Von  der  thierifchen  Wserme,  Nutzeri 
des  Athemholers,  &c.  {*'  and  finally,  this  fefemblancc 
was  obferved  by  Dr.  Black. 

It  appears,  therefore,  that  the  fimilarity  between  coni- 
buftion  and  refpiration,  or  that  the  principle  was  the  fame 
that  was  confumed  in  both,  had  already  been  noticed,  al- 
though in  a  vague  manner  5  but  the  properties  and  nature 
of  this  caufe,  which  exifts  in  the  atmofphere,  had  efcaped  1 
their  obfervation  $  and  hence  the  mod  neceffary  part  of 
the  function  of  refpiration  was  unknown  $  for,  before  any 
real  light  could  be  thrown  upon  this  obfcure  fubjecl:, 
feveral  facts  were  neceffary  to  be  acknowledged. 

I  ft.  That  caloric  (matter  of  heat)  is  a  conftituent  part 
of  fluids,  and  that  it  is  to  this  principle  they  owe  their 
expanfibility,  their  elafticity,  and  feveral  other  properties 
we  know  they  poffefs. 

2d.  That  the  atmofpheric  air  is  compofed  of  two  aeri- 
form fluids,  /.  e.  of  about  one  fourth  part  of  vital  aif, 
and  three  fourths  of  azot  gas* 

3<L  That  the  bafis  of  vital  air,  oxygen,  is  a  principle 
a  3 
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common  to  all  acids,  and  that  it  is  this  which  conftituteS 
their  acidity. 

4th.  That  carbonic  acid  gas  (fixed  air)  is  the  refultof 
the  combination  of  about  72  parts  in  weight  of  oxygen, 
and  of  28  parts  of  carbon  (pure  charcoal). 

5th.  That  lefs  caloric  enters  into  the  composition  of  a 
given  volume  of  carbonic  acid  gas,  than  of  an  equal  volume 
of  vital  air;  and  that  it  is  on  this  account  that  caloric 
is  difengaged  during  the  combuftion  of  carbon,  /.  e.  dur- 
ing the  converfion  of  vital  air  into  carbonic  acid  gas  by 
the  addition  of  carbon. 

6th.  Laftlv,  that  water  is  not  an  element,  nor  afimple 
fubftance,  as  the  ancients  fuppofed,  but  that  it  is  com~ 
pofed  of  14.338  parts  of  oxygen,  and  of  85.668  parts  of 
hydrogen. 

Thefe  facts  being  eftablifhed,  a  great  deal  was  done  in 
the  explication  of  the  production  of  animal  heat. 

From  the  fuppofition  of  the  Stahlians,  air  was  phlo* 
gifticated  by  refpiration  as  well  as  by  combuftion  ;  but 
Lavoifier  announced  in  1777,  in  a  memoir  read  to  the 
Academy,  that  refpiration  was  a  flow  combuftion  of  a 
portion  of  carbon  which  the  blood  contains,  and  that  ani- 
mal heat  is  caufed  by  a  portion  of  the  caloric  that  is  dif- 
engaged at  the  moment  of  the  converfion  of  the  vital  air 
of  the  atmofphere  into  carbonic  acid  gas,  as  happens  in 
the  combuftion  of  charcoal  ;  but  he  offered  it  only  as  a 
very  probable  conjecture  :  whilft  Crawford,  who  had  dif- 
covercd  the  caufe  of  it  nearly  at  the  fame  time  as  Lavoi- 
fier, and  in  the  fame  year,  publithed  his  very  interefting 
work  in  1779,  in  which  he  collected  a  number  of  experi- 
ments to  realize  this  fufpicion.  In  1788  a  very  enlarged 
edition  of  this  work  appeared,  from  which  the  account 
given  of  his  doctrine  is  taken,  and  from  which  it  feems 
that  Dr.  Crawford  ably  fupports  the  phlogiftic  fyftem. 

The  experiments  which  Lavoifier    and  de  la  Place 
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publifhed  in  1780  confirm  the  opinion  the  firft  chemift 
had  conceivjed,  and  totally  overturned  the  theory  of  phlo- 
gifton.     To  determine  the  effects  of  refpiration  and  com-  Effeas  of 
buftion  upon  air,  thefe  two  chemifts  introduced  a  guinea-  andcom- 
pig  under  a  glafs  veffel  containing  248.01  inches  of  pure  b*^10"red 
air,  and  let  it  remain  there  an  hour  and  a  quarter.    After  byLavoifrc 
having  taken  away  this  animal,  by  making  it  pafs  through  piace. 
the  mercury,  and  left  the  interior  air  to  become  of  the 
temperature  of  the  atmofphere,  it  was  reduced  to  240.25 
inches.     Having  afterwards  abforbed  the  fixed   air  by 
cauftic  alkali,  there  remained  200.56  inches  of  air.     In 
this   experiment,  therefore,  there  were  46.62  inches  of 
pure  air  changed,  and  37.96  inches  of  fixed  air  produced, 
making  an  allowance  for  the  fmall  quantity  of  fixed  air 
contained  in  the  pure  air  of  the  veflel.     Now  of  the  vo-» 
lumeofpure  air  thus  changed,  0.814  will  be  it's  volume 
diminifhed  by  refpiration ;  whilft  in  the  combuftion  of 
charcoal  the  volume  of  air  is  diminifhed  in  the  ratio  of  I 
to  0.74828.     This  difference  may  in  fome  degree  arife 
from  the  difference  of  meafure,  but  perhaps  more  fo  from 
letting  a  little  of  the  exterior  air  penetrate  into  the  veflel 
on  introducing  the  animal* 

The  weight  of  the  fixed  air  produced  in  the  above  ex- 
periment is  26.572  grains;  from  which  it  follows,  that 
in  the  fpace  of  ten  hours  the  animal  would  have  produced 
212.576  grains  of  fixed  air. 

On  determining  the  quantity  of  fixed  air  produced  by  a 
guinea-pig  in  common  atmofpherical  air,  it  was  found  to 
amount  to  236.667  grains  in  ten  hours  5  which  differs 
about  one  ninth  from  the  preceding  experiment,  arifing 
probably  from  the  difference  of  fize  in  the  two  animals. 

A  third  experiment,  made  upon  a  guinea-pig  in  dephlo- 
gifticated  air,  afforded  226  grains  of  fixed  air  in  ten 
hours. 

On  taking  the  medium  of  thefe  experiments,  and  fome 
h4 
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others  made  by  thefe  chemifts,  both  iti  dephlogifticated 
and  atmofpherical  airs,  it  appears  that  the  quantity  of 
fixed  air  generated  by  the  refpiration  of  the  guinea-pig  in 
ten  hours  amounts  to  221  grains.  Since  thefe  experi- 
ments were  made  at  a  temperature  of  14  or  13  degrees, 
thefe  chemifts  think  it  pofiible  that  the  quantity  of  fixed 
air  may  be  fomewhat  lefs  than  at  a  temperature  of  zero, 
which  was  that  of  the  interior  part  of  the  veffels  :  hence, 
to  be  more  exact,  the  products  of  fixed  air  ought  to  be 
determined  at  this  lad  temperature*  Having  proved,  by 
experiment,  that  in  the  combuftion  of  charcoal  the  for* 
mation  of  one  ounce  of  fixed  air  is  able  to  melt  20.692 
ounces  of  ice,  it  follows  that  the  formation  of  224  grains 
of  fixed  air  ought  to  melt  10.38  ounces*  Confequently 
this  quantity  of  melted  ice  reprefents  the  heat  produced 
by  the  refpiration  of  a  guinea-pig  during  ten  hours. 

In  the  experiment  on  the  animal  heat  of  a  guinea-pig, 
it  was  taken  from  under  the  glafs  vefTel  nearly  of  the  famt 
heat  with  which  it  was  introduced  ;  for  it  is  well  known 
that  the  interior  heat  of  animals  is  always  nearly  the 
fame,  but,  without  a  continual  renewal  of  this  heat,  what 
it  pofieiTed  at  firft  would  be  entirely  difiipated,  like  that  of 
n  inanimate  body  t  this  heat  therefore  which  it  commu- 
nicates to  the  furrounding  fubftances,  and  which  in  this 
experiment  was  communicated  to  fome  ice  placed  under 
the  veflel,  of  which  it  melted  in  ten  hours  thirteen 
ounces,  is  renewed  by  it's  vital  functions.  This  quantity  of 
melted  ice  reprefents,  therefore,  nearly  the  heat  renewed 
in  that  fpace  of  time  by  refpiration.  Perhaps  it  may  be 
neceirary  to  fubtract  a  couple  of  ounces  or  more,  fince 
the  extremities  of  the  body  of  the  animal  became  cooled 
in  the  veflel,  although  the  interior  of  the  body  preferved 
nearly  the  fame  temperature  :  befides,  the  humours  eva- 
porated by  it's  internal  heat  melted,  on  cooling,  a  fmall 
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quantity  of  ice,  and  united  with  the  water  which  fan 
from  the  veiTel. 

On  deducting,  therefore,  ^about  two  ounces  and  a  halS 
from  this  quantity  of  ice,  the  remainder  will  be  the  quan- 
tity melted  by  the  refpiration  of  the  animal;  and  if  the 
errours  which  are  inevitable  in  fuch  experiments  be  confi- 
dered,  perhaps  a  more  perfect  coincidence  between  thefe 
remits  cannot  be  expected. 

Hence,  according  to  thefe  chemifts,  the  heat  difengaged     » 
during  the  converfion  of  pure  into  fixed  air  by  refpira- 
tion may  be  confidered  as  the  principal  caufe  of  the  pre- 
fervation  of  animal  heat;  and  if  other  caufes  concur  in 
it's  fupport,  their  efFect  is  inconfiderable.     < 

From  thefe  experiments  thefe  chemifts  conclude  that 
refpiration  is  a  combuftion,  which,  although  very  flow,  Refpiration 
is  perfe&ly  fimilar  to  that  of  charcoal ;  that  it  takes  place  combSaSL 
in  the  interior  part  of  the  lungs  without  difengaging  any 
fenfible  light,  becaufe  the  matter  of  fire,  become  free,  is 
Immediately  abforbed  by  the  humidity  of  thefe  organs ; 
that  the  heat  thus  extricated  in  this  combuftion  is  com- 
municated to  the  blood  which  traverfes  the  lungs,  and  is 
from  thence  diftributed  all  over  the  fyftem.  Hence  the 
air  we  breathe  ferves  two  purpofes  equally  neceflarv  to 
our  prefervation — it  takes  from  the  blood  the  bafis  of  the 
fixed  air,  the  fuperabundance  of  which  would  be  hurtful ; 
and  the  heat  depofited  in  the  lungs  by  this  combination 
repairs  the  continual  lofs  of  heat  brought  about  by  the 
atmofphere  and  furrounding  bodies.  .    • 

Animal  heat  is  nearly  the  fame  in  all  parts  of  the  body ; 
which  effect  appears  to  depend  on  the  three  following 

_  Caufes  of 

Caules  1  the  equality 

111.  The  rapidity  of  the  circulation  of  the  blood,  which  feaa"imal 
tranfmits  immediately,  even  to  the  extremities  of  the  body^ 
the  heat  it  receives  in  the  lungs* 
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fid.  The  evaporation  produced  by  the  heat  in  thefe 
organs,  and  which  diminishes  the  degree  of  their  tem- 
perature. 

3d.  The  augmentation  obferved  in  the  fpecific  heat  of 
the  blood,  when  it  is  deprived  of  the  bafis  of  fixed  air  it 
contains  by  the  contact  of  the  pure  air :  hence,  a  part  of 
the  fpecific  heat  developed  in  the  formation  of  the  fixed 
air  is  abforbed  by  the  blood,  it's  temperature  remaining 
always  the  fame  ;  but  when  in  the  circulation  the  blood 
comes  to  receive  again  this  bafis  of  fixed  air,  it's,  fpecific 
heat  diminifties,  and  fome  heat  is  extricated  ;  and  as  this 
combination  is  made  in  all  parts  of  the  body,  the  heat  it 
produces  contributes  to  fupport  the  temperature  of  the 
parts  diftant  from  the  lungs  nearly  at  the  fame  degree  as 
that  of  thefe  organs.  From  this  way  of  reafoning  the 
chemifts  eftablim  the  following  propofitions  : 

When  an  animal  is  in  a  permanent  and  tranquil  ftate, 
when  it  is  able  to  live  a  confiderable  time  without  fuf- 
fering  in  the  medium  that  furrounds  it :  in  general,  when 
the  circumftances  in  which  it  is  do  not  fenfibly  change 
it's  blood  and  humours,  fo  that  the  animal  fyftem  after 
feveral  hours  undergoes  no  fenfible  variation,  the  prefer- 
vation  of  the  animal  heat  is  owing,  at  lead  in  great  part, 
to  the  heat  produced  by  the  combination  of  the  pure  air 
refpired  by  animals  with  the  bafis  of  the  fixed  air  fur- 
niihed  by  the  blood. 

Hence,  on  comparing  the  heat  difengaged  by  the  com- 
buftion  of  charcoal  with  the  quantity  of  fixed  air  formed 
during  this  combuftion,  the  heat  developed  in  the  forma- 
tion of  a  given  quantity  of  fixed  air  is  obtained  :  if,  then, 
the  quantity  of  fixed  air  produced  by  an  animal  in  a 
given  time  be  determined,  the  refult  will  be  the  heat  arif- 
ing  from  the  acYion  of  it's  refpiration  on  the  air;  and  it 
only  remains  to  compare  this  heat  with  that  which  fup- 
ports  it's  animal  heat,  and  to  meafurc  the  quantity  of  ice  it 
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melts  in  the  interior  of  the  veflel :  and  if,  as  has  been 
found  by  the  preceding  experiments,  thefe  two  quantities 
of  heat  are  nearly  the  fame,  it  may  be  concluded  that  it 
is  to  the  change  of  pure  into  fixed  air  by  refpiration  that 
the  prefervation  of  animal  heat  is  owing,  at  leaft  for  the 
moft  part. 

In  refpiration,  as  in  combuftion,  it  is  the  air  of  the  at- 
mofphere  that  furnifhes  the  oxygen  and  the  caloric  ;  but 
as  in  refpiration  it  is  the  fubftance  even  of  the  animal, 
the  blood,  which  furnifhes  the  combuftible  part,  if  ani- 
mals did  not  habitually  repair  by  nourifhment  what  they 
lofe  bv  refpiration,  the  oil  would  foon  be  wanting  to  the 
lamp,  and  the  animal  would  perifh  like  an  extinguifhed 
candle.  There  are  even  instances  cited  by  authors  of  this 
combuftion  being  fo  rapid  as  to  confume  the  greater  part 
of  the  body.  Thus  a  female  defcribed  by  Wilmer,  or  the  Extraor<fi„ 
inflammable  woman  of  Coventry ;  the  countefs  Cornelia  ry  cafes 

of  rapid 

Bandi,  near  Cefena,  in  Romagna  ;  another  woman  at  animal 
Chrift-church,  in  Hampfhire;  and  Grace  Pots,  at  Ipf- combuftioB' 
wich ;  were  confumed  by  an  internal  fire,  fo  eager  were 
the  principles  of  which  they  were  compofed  to  combine, 
as  Dr.  Beddoes  fays,  with  oxygen.  Thefe  remarkable 
inftances,  however,  of  quick  combuftion  carried  on  in 
the  body  are  very  rare. 

The  proofs  therefore  of  this  identity  of  effects  between 
refpiration  and  combuftion  are  taken  immediately  from 
experience.  Indeed,  the  air  that  has  been  refpired  no 
longer  contains,  at  it's  departure  from  the  lungs,  the  fame 
quantity  of  oxygen ;  it  contains  not  only  carbonic  acid 
gas,  but  likewife  much  more  water  than  it  did  before  in- 
fpiration.  Now,  fince  vital  air  cannot  be  converted  into 
carbonic  acid  gas  without  the  addition  of  carbon,  or  into 
water  without  hydrogen ;  and  fince  this  double  combina- 
tion cannot  take  place  without  the  vital  air  lofing  a  part 
of  it's  fpecific  heat,  the  confequence  is,  that  the  effect  of 
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refpiration  is  to  extract  a  portion  of  hydrogen  and  carbotl 
from  the  blood,  and  to  depofit  in  their  place  a  portion  of 
it's  fpecific  caloric,  which  during  circulation  is  diftributed 
with  the  blood  into  all  parts  of  the  animal  oeconomy,  and 
fuflains  that  temperature  obferved  in  all  refpi ring  animals, 
and  which,  if  nothing  extraordinary  happen,  is  nearly 
conftant.  It  may  therefore  be  faid  with  the  ancient  poets, 
that  the  torch  of  life  is  lighted  the  moment  the  infant 
breathes ;  a  gentle  combufl ion,  produ&ive  of  the  vital 
flame,  which  is  only  extin<mifhed  by  death.    Since,  dur- 

mentjufSe- t  '  J  °     ,  J  * 

yum  ar.d     ing  refpi  ration,  a  great  quantity  of  carbon  and  hydrogen 
•ne  °  from  the  blood  is  converted  by  uniting  with  the  oxygen  of 
lio '"b^lic*  the  air  into  carbonic  acid  gas  and  water,  and  confequently 
acid  gai  -ud  a  great  deal  of  caloric  let  loofe  ;  Lavoifier  and  Seguin  have 
ed  during     made  fome  experiments  to  endeavour  to  find  the  quantity 
J^p«  '°n»  0r  carDonic  acid  gas  and  water  which  is  formed ;  and  as 
there  is  an  aqueous  emanation  not  only  from  the  lungs, 
but  alfo  from  the  furface  of  the  body,  which  is  called 
perfpiration^  they  were  likewife  defirous  of  knowing  the 
quantity  extricated  from  fo  large  a  furface,  and  of  com- 
paring, as  near  as  circumftances  would  permit,  the  con- 
nexion arifing  between  refpiration,  perfpiration,  and  di- 
geftion.     The  invifible  vapour  or  emanation  that  takes 
place  from  the  furface  of  the  body  they  have  called  cut  a* 
neons  perfpiration ;  and  that  which  is  extricated  from  the 
lungs  at  each  expiration,  pulmonary  perfpiration* 

San&orius  was  the  firfl:  who  undertook  to  make  expe- 
riments on  the  cutaneous  perfpiration :  for  this  purpofe 
he  placed  himfelf  in  a  chair  adapted  to  a  pair  of  fcales,  and 
lie  determined  the  quantity  of  perfpiration  by  the  lofs  of 
weight  he  experienced. 

Before  his  time,  nothing  but  conjecture  determined  the 
effects  of  this  cutaneous  fun&ion  j  and  although  this  phi- 
lofopher  was  the  firft  experimental  inquirer  on  the  fub- 
}ec>,  many  things  were  wanting  to  make  him  fuccefsfuL 
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The  phenomena  of  refpiration,  and  the  formation  of 
water  and  carbonic  acid  which  accompanies  it— the  two 
fpeeies  of  evaporation,  one  of  which  is  effected  by  folu- 
tion  in  the  air,  and  the  other  by  the  fimple  combination 
of  caloric  with  the  evaporated  liquor,  were  unknown.  It 
was  not  even  fufpected  that  the  principal  caufes  which 
influence  refpiration  are  the  greater  or  lefs  denfity  of  the 
air,  it's  temperature,  and  it's  degree  of  drynefs  or  humi- 
dity. Sanctorius,  deprived  of  thefe  preliminary  facts, 
confounded  all  the  effects  which  arofe  from  his  experi- 
ments. 

In  order  to  feparate  the  cutaneous  perfpiration,  thefe 
two  chemifts  made  ufe  of  a  garment  of  filk,  coated  with 
elaftic  gum,  fo  as  to  prevent  the  air  and  humidity  from 
penetrating.  When  this  was  put  on,  it  was  tied  at  the 
top  of  the  head  by  a  ftrong  ligature,  whilft  a  tube  was 
adapted  to  the  mouth,  fo  as  not  to  let  any  air  efcape,  to 
breathe  through  :  hence,  whatever  was  refpired  paflfed 
externally,  and  whatever  perfpired,  internally. 

By  being  weighed  on  entering  this  apparatus,  and  after 
having  departed  from  it,  the  difference  gave  the  lofs  of 
weight  ow^ng  to  the  united  effects  of  refpiration  and  per- 
fpiration ;  and  by  being  weighed  a  few  inftants  after  having 
entered  and  before  departing  from  it,  the  lofs  of  weight 
owing  only  to  the  effects  of  refpiration  was  obtained. 

The  greateft  difficulty  which  the  chemifl  had  to  con- 
tend with  was  the  feparation  of  the  products  of  refpira- 
tion, of  pulmonary  and  of  cutaneous  perfpiration;  for  it 
is  neceffary  to  know,  that  there  continually  oozes  into 
the  lungs  an  humour  feparated  from  the  blood,  which 
filters  through  the  membranes  of  the  lungs,  and  which 
is  compofed  principally  of  hydrogen  and  of  carbon. 

It  is  this  humour  which,  being  greatly  divided  at  the  mo- 
ment it  comes  from  the  frnall  extremities  of  the  exhaling 
veflels  of  the  lungs,  is  in  part  contained  by  decompofing 
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the  vital  air  with  which  it  was  in  contact,  and  forms 
during  this  combuflion  water  and  carbonic  acid  gas.  It 
is  not  aftonifhing  that  this  combuflion  mould  exifl  in  the 
lungs,  when  it  is  fecn  that  dung,  the  nature  of  which  ap- 
proaches much  to  that  of  blood,  burns  at  the  ordinary 
temperature  of  the  atmofph^re,  /.  e.  at  8°  or  10°. 

The  carbonic  acid  gas  therefore,  formed  during  refpira- 
tion,  being  in  a  fluid  ftate,  it  is  eafily  conceived  how  it  is 
evacuated  by  the  a&ion  of  the  lungs  at  the  moment  of 
expiration ;  but  the  cafe  is  not  fo  with  the  water  formed 
at  the  fame  time.  It  would  foon  accumulate  in  the 
bronchia,  if  nature  had  not  the  means  of  evacuating  it, 
one  of  which  is  this.  The  air  enters  cool  into  the  lungs  5 
it  departs  from  it  witlf  a  heat  nearly  equal  to  that  of  the 
blood  :  now  the  hot  air  difTolves  more  water  than  cold 
air,  and  it  is  from  this  increafe  of  caloric  that  it  carries 
away  with  it  the  water  exifling  in  the  lungs. 

This  water  is  of  two  forts  j  1.  that  which  oozes  with 
the  carbonated  hydrogen,  or  the  water  of  pulmonary  per- 
fpiration,  properly  called.  2.  That  which  is  formed  by 
the  combination  of  the  oxygen  of  the  air  with  the  hydro- 
gen of  the  blood,  or  the  water  of  refpi ration. 

Thefe  chemifts  were  able  to  obtain  the  refpe&ive  quan- 
tities of  thefe  two  portions  of  water. 

The  apparatus  they  made  ufe  of  was  fo  difpofed  as  to 
be  able  to  meafure,  with  great  exactitude,  the  quantity  of 
water  and  of  carbonic  acid  exhaled,  as  well  as  the  quan- 
,  tity  of  air  before  and  after  the  experiment  $  for  it  is  eafily 
conceived,  that  being  acquainted  on  the  one  fide  with  the 
total  fum  of  the  water  come  from  the  lungs,  and  on  the 
other,  the  quantity  of  carbonic  acid  gas  formed,  it  would  - 
be  eafy  to  determine,  by  a  very  fimple  calculation,  the 
quantity  of  water  formed,   and  the  quantity  of  water 
owing  to  the  pulmonary  perfpiration.    But  in  the  folu-. 
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tion  of  this  problem,  it  is  taken  for  granted,  that  all  the 
carbonic  acid  gas  difengaged  at  each  expiration  is  formed 
in  the  lungs,  and  during  circulation. 

If  the  carbonic  acid  gas  difengaged  during  expiration 
was  in  part  the  product  of  digeftion,  the  confumption  of 
vital  air  in  the  act  of  refpiration  muft  be  attributed  to 
another  caufe.  The  fuppofition  muft  be,  that  more 
water  is  formed,  either  in  the  lungs  or  during  circulation ; 
and  then  the  pulmonary  perfpiration  would  be  found  to  be 
diminifhed  by  all  the  quantity  of  water  which  muft  be 
attributed  to  this  formation;  or  it  muft  be  granted,  that  a 
part  of  the  vital  air,  being  abforbed  in  the  lungs,  unites 
during  circulation  with  fome  part  of  our  fyftem. 

The  increafe  of  menftrual  power,  which  the  air  ac- 
quires by  being  heated  in  the  lungs,  is  in  general  fufncicnt 
to  evacuate,  by  way  of  folution,  the  two  portions  of 
water  juft  mentioned ;  viz.  that  arifing  from  the  pulmo- 
nary perfpiration,  and  that  formed  by  the  combination  of 
oxygen  and  hydrogen.  In  this  refpect,  nature  appears  to 
make  ufe  of  fome  very  curious  means  of  compenfation. 
If  the  quantity  of  water  which  oozes  through  the  bron- 
chial membranes  be  too  abundant ;  if  the  air  of  refpira- 
tion, already  loaded  with  water  that  is  formed,  is  not  in 
a  ftate  to  diffolve  it  in  fpite  of  the  efforts  of  a  mpre  ac- 
celerated refpiration,  and  in  fpite  of  the  increafe  of  caloric 
proceeding  from  it,  which  increafes  the  menftrual  power 
of  the  air;  the  excefs  is  carried  back  again  into  the  cir- 
culation by  the  abforbent  veffels  of  the  lungs,  or  expec- 
torated under  another  form. 

It  is  eafy  to  conceive  how  all  thefe,  caufes  muft  in- 
fluence the  phenomena  of  perfpiration;  that  it  is  accele- 
rated or  retarded  according  to  the  neceflity  of  the  ma- 
chine-r— that  it  ought  fometimes  to  form  more  water, 
fometimes  more  carbonic  acid  gas — that,  in  fhort,  the 
pulmonary  perfpiration  can  be  augmented  or  diminifhed 
by  an  infinity  of  circumftances. 
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Thefe  chemifts  found,  that  the  lofs  of  weight  of  a 
perfon  in  an  ordinary  ftate  varies  from  1 1  grs.  a  minute 
to  32;  /'.  e.  in  24  hours  from  1  lb.  11  oz.  4  drs.  to  5lbs, 
comprehending  the  effects  of  cutaneous  and  pulmonary 
perfpiratioa,  and  of  refpiration.  Taking  the  medium, 
the  lofs  of  weight  is  18  grs.  per  minute  ;  and  fuppofing 
it  to  continue  uniformly,  it  will  be  1  oz.  7  drs.  an  hour, 
and  2  lbs.  13  oz.  in  24  hours. 

lb.    oz.  drs. 

Of  thefe  2  lbs.   13  oz.  there  belong  to  7 
cutaneous  perfpiration      -     -     -     -  j 

And  to  the  effects  of  refpiration    -  0     1 5      0 


Total    -    ,    2     13 


On  decomposing  the  effects  of  refpiration,  it  will  be 
found,  on  a  medium, 

1.  That  an  individual  confumes  38413  cubic  inches 
of  vital  air  in  24  hours,  /.  e.  a  little  more  than  22  cubic 
feet,  or  33  oz.  1  dr.  10  grs. 

2.  That  of  this  quantity  there  is  em- 
ployed to  form  water  a  little  more  J.  13  cubic  feet^ 
than  - 


And  to  form  carbonic  acid  a  little 
lefs  than  - 


3.  That  the  volume  of  carbonic  acid 

gas,  difengaged  from  the  lungs  in/  *•  oz. drs. grs, 
24  hours,  is  14930  cubic  inches,  f  0     5     7     * 
i.  e.  about  8  feet  6  cubic   inches, 
which  are  compofed  of  carbon    - 

oxygen     -     0  12     0    4 

Total     -     -     1     l     7     4 
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4.  That  the  weight  of  the  water,  formed  in  the  lungs 
in  24  hours,  amounts  to  1  lb.  7  oz.  5drs.  20  grs.,  which 
are  compofed  of 

lb,  oz.  drs.  grs. 

Hydifggen '. . .  o    3    3  10 

Oxygen 1     4     2  10 


Total 1     7     5  20 

5.  That  the  quantity  of  water  difengaged  ready  formed 
by  pulmonary  perfpiration,  is5oz.  5  drs.  62 grs.  in  24 
hours.  t 

lb<  oz,  drs.  grs. 
Laftly,  That  uniting  together  the  water 
difengaged  in  24  hours,  by  cutaneous 

perfpiration,  which  amounts  to 114     0    0 

That  difengaged  by  pulmonary  perfpira* 

tion * . .  .0    5     5  62 

The  quantity  of  carbon  confumed  in  the 

fame  time 0     5     7     O 

And  the  quantity  of  hydrogen    0     3     3  10 

„  a.  i  f.i    i,i« 

The  total  lofs  of  weight  of  aperfonin  24. 

hours  is 2  13     0    0 


Thefe  remits  are  only  to  be  eftimated  as  probable. 
Seguin  and  Lavoifier  have  likewife  obferved,  that  without 
being  very  particular  in  taking  daily  the  fame  quantity  of 
nourifhment;  without  reftraining  themfelves  to  live  by 
rule,  provided  excefs  and  irregular  hours  of  rcpaft  are 
avoided  ;  the  fame  individual,  after  having  been  increafed 
in  weight  by  all  the  aliments,  returns  every  day,  after 
the  revolution  of  about  24  hours,  to  the  fame  weight  he 
had  the  evening  before.  If  this  effect  does  not  take  place, 
it  is  the  confequence  of  difeafe. 

It  is  by  experience  only  that  man  can  become  ac- 
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quainted  with  nature ;  and  the  more  he  interrogates  her, 
the  more  will  he  be  delighted  with  her  wifdom.  "  Our 
"  admiration, "  fays  the  chemift,  "  cannot  be  fatigued 
"  w  ith  viewing  the  fyftem  of  general  liberty  which  na- 
"  turc  appears  to  have  been  defirous  to  eftablifh  in  every 
"  tiling  relative  to  the  animal  machine.  In  giving  it  life 
*f  and  fpontancous  motion,  an  active  energy,  neceflities 
"  and  paflions,  (he  has  not  interdicted  the  ufe  of  them. 
"  She  was  even  defirous  that  he  fhould  be  free  in  their 
"  abufe,  but  prudent  and  wife  ;  {he  has  every  where  fur- 
"  rounded  him  with  regulators. ;  and  (lie  has  added  fa- 
"  tiety  to  the  fuperabundance  of  enjoyment." 

The  animal  machine  is  therefore  governed  by  three 
principal  regulators :  refpiration,  which  by  operating  in 
the  lungs,  and  perhaps  likewife  in  other  parts  of  the 
fyftem,  a  flow  combuftion  of  the  hydrogen  and  carbon 
contained  in  the  blood,  produces  adifengagement  of  ca- 
loric abfolutely  neceffary  to  the  fupport  and  exiftence  of 
animal  heat :  perfpiration,  which,  by  occafioning  a  lofs 
of  the  perfpirablc  humour,  facilitates  the  difengagement 
of  a  certain  quantity  of  caloric  necefTary  to  the  folution  of 
this  humour  in  the  furrounding  air;  and  confequently 
prevents,  by  the  continual  coldnefs  this  difengagement 
produces,  the  individual  from  receiving  a  degree  of  heat 
or  temperature  fuperior  to  what  is  fixed  by  nature  :  and 
'dlgeftion,  which,  furniihing  the  blood  with  water,  hy- 
drogen, and  carbon,  reftores  habitually  to  the  animal 
machine  what  it  lofe»  by  perfpiration  and  refpiration,  and 
afterwards  rejects  externally  fubftances  that  are  hurtful  or 
fuperfluous  to  it. 

If  the  caufes  which  affect  man  are  various,  his  re- 
sources are  equally  multiplied  :  his  temperament  is  either 
adapted  for  motion  or  repofe,  for  abftinence  or  excels  of 
nourifhment.  Similar  circumftances  permit  him  to  pafs 
from  an  active  to  a  tranquil  life,  according  to, his  necef- 
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fities  or  his  will.  If  he  be  in  a  ftate  of  inaction  and  re- 
pofe,  the  circulation  is  flow  as  well  as  the  refpiration,  he 
confumes  lefs  air,  exhales  lefs  carbon  and  hydrogen  from 
the  lungs,  and  confequently  has  lefs  need  of  nourishment. 
If  he  be  obliged  to  work  hard,  the  refpiration  is  accele- 
rated ;  he  confumes  more  air,  lofes  more  hydrogen  and 
carbon,  and  confequently  has  need  of  oftener  repairing 
what  is  loft,  by  a  greater  quantity  of  nutrition.  In  run- 
ning, dancing,  and  in  all  violent  exercifes,  whatever  ac- 
celeration the  refpiration  and  circulation  undergo,  or 
whatever  increafe  there  is  in  the  confumption  of  air,  of 
hydrogen  and  carbon,  the  equilibrium  of  the  animal 
ceconomyis  not  difturbed,  whilft  the  aliments  more  or 
lefs  digefted,  always  more  or  lefs  in  referve  in  the  in- 
teftinal  canal,  fupply  their  lofs ;  but  if  the  expenfe  made 
by  the  lungs  be  greater  than  the  receipt  made  by  nutri- 
tion, the  blood  is  deprived  by  degrees  of  it's  hydrogen 
and  carbon,  and  difeafe  fucceeds.  In  this  cafe  the  ani- 
mal is  advifed  of  the  danger  by  laffitude,  lofs  of  vigour, 
and  he  finds  the  neceflity  of  reeftabliftiing  the  equili- 
brium by  nourimment  and  repofe.  The  contrary  takes 
place^  for  want  of  mbtion  and  exercife  or  the  ufe  of  cer- 
tain aliments-,  or  any  imperfection  or  vice  in  the  organs 
of  nutrition  or  refpiration.  In  thefe  cafes,  the  digeflion 
introducing  into  the  blood  more  matter  than  the  refpira-  « 
tion  can  confume,  an  excefs  of  carbon  or  of  hydrogen 
takes  place  in  the  mafs  of  blood,  or  perhaps  both  at  the 
fame  time.  Nature  then  ftrives  againft  this  alteration  in 
the  humours  ;  and  if  (he  cannot  recover  the  equilibrium 
by  a  more  frequent  refpiration,  difeafe  is  the  confequence. 
t(  Whilft/'  fay  thefe  two  chemifts,  "  we  only  con- 
"  fidered  the  confumption  of  air  in  refpiration,  the  lot  , 
Cf  of  the  rich  and  the  poor  was  the  fame,  for  the  air  be- 
<e  longs  to  all,  and  cofts  nothing :  the  labourer  even, 
"  from  his  greater  energy,  enjoys  more  completely  this 
12 
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"  gift  of  nature:  but  fince  experience  has  proved  re- 
"  fpiration  to  be  a  real  combuftion,  that  confumes  at 
"  each  inftant  a  portion  of  our  fubftance,  that  this  con- 
M  fumption  is  the  greater  in  proportion  as  the  circulation 
w  and  refpiration  are  accelerated,  that  it  increafes  accord- 
"  ing  to  the  more  laborious  and  acYive  life  of  the  indi- 
"  vidual — a  multitude  of  moral  reflexions  arife  of  them- 
"  felves  from  fuch  effects.  By  what  fatality  happens  it 
"  that  the  poor  man,  who  lives  by  the  fweat  of  his  brow, 
<c  and  is  obliged  to  expend  the  force  which  nature  allots 
'*  him,  confumes  more  than  his  idle  neighbour,  whilft 
"  this  laft  has  lefs  need  of  repairing?" — "  Why,"  ex- 
claim thefe  humane  chemifls,  "  by  a  ihocking  con- 
"  traft,  does  the  rich  man  enjoy  an  abundance  which  is 
(l  not  phyiically  neceflary  for  him,  and  which  would 
"  feem  to  be  deftined  for  the  daily  labourer  ?  Let  us 
"  not  however  calumniate  Nature,  and  accufe  her  of 
"  faults  that  undoubtedly  belong  to  human  inftitutions, 
"  and  which  are  perhaps  not  to  be  feparated  fronj  them. 
<c  Let  us  be  content  to  blefs  philofophy  and  humanity, 
"  which  unite  to  procure  us  fuperior  enjoyment  and 
"  happinefs,  and  add  to  thofe  of  the  indigent." 

This  refult  of  forces  continually  varying  and  conti- 
nually poifing  each  other,  which  are  obferved  at  each 
moment  in  the  animal  ceconomy,  is  truly  to  be  admired. 
Man,  in  this  refpect,  has  been  more  favoured  by  nature 
than  any  other  animals;  he  lives  equally  in  all  tempera- 
tures and  in  all  climates  :  if  he  finds  himfelf  in  a  cold  cli- 
mate, the  contact  of  the  air  with  the  lungs,  from  it's 
greater  denfity,  becomes  more  confiderable  ;  more  air  is 
decompofed,  more  caloric  difengaged,  which  repairs  the 
lofs  caufed  by  the  external  cold  ;  whilfl  the  perfpiration 
diminifhea,  evaporation  becomes  lefs,  and  confequcntly 
*   the  cold. 

If  he  panes  into  a  hot  climate,  the  contrary  effe&  takes 
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place.  The  air  being  lefs  denfe,  it's  contact  with  the 
blood  is  lefs  confiderable ;  lefs  air  is  decompofed,  lefs 
caloric  is  di  fen  gaged,  a  more  abundant  perfpi  ration  is 
eftablifhed,  a  greater  quantity  of  heat  taken  away ;  and 
it  is  in  this  manner  that  an  almoft  uniform  degree  of  heat 
is  obferved  in  animals  that  breathe,  which  is  about  32° 
of  Reaumur. 

Whilft  the  variation  of  the  effects  does  not  pafs  over  the 
limits  afligned  by  nature,  whilft  the  means  of  compenfa- 
tion  (he  employs  are  fufficient,  the  animal  is  in  a  ftate  of 
health.  But  if  the  refpiration  takes  more  or  lefs  hydro- 
gen and  carbon  by  the  lungs,  than  digeftion  can  fupply ; 
if  the  perfpiration  and  frigidity  it  occalions  in  concert 
with  the  exterior  air  do  not  take  away  all  the  caloric 
arifing  from  the  decompofttion  of  the  vital  air  in  the  lungs, 
or  in  any  other  part  of  the  fyftem;  if,  in  fhort,  through- 
out, the  receipt  is  not  equal  to  the  expenfe,  the  animal 
machine  is  foon  difturbed,  and  the  blood  chancres  it's 
quality,  either  from  excefs  or  want  of  hydrogen  and  of 
carbon,  or  both  at  the  fame  time. 

Thefe  two  philofophers  therefore,  Crawford  and  La-  Difference 
voider,  agree  in  looking  upon  the  pure  air  as  the  princi-  La^lfier 
pal  fource  of  the  heat  extricated  in  combuftion  and  re-  »**Cr#r- 
fpiration  :    but  there  appears  to  be  an  effential  difference 
in  their  opinions,  which   confifts  in   this,  that  Lavoifier 
thinks,  that  the  heat,  difengaged  during  thefe  two  pro- 
ceffes,  is  combined  with  the  pure  air ;  and  that  this  fluid 
owes  it's  aeriform  ftate   to  the  expanfive   force  of  this 
combined   heat :  inftead  of  which,  according  to  Craw^ 
ford,  the  matter  of  heat  is  in  a  free  ftate  in  the  pure  air; 
and  it  is  only  difengaged,  from  the  pure  air  lofing  a  great 
part  of  it's  fpecific  heat  on  combination.  Crawford  fup- 
ports   this   affertion  by  experiments,  by  which  he  finds 
the  fpecific  heat  of  pure  air  to  be  87  times  greater  than 
that  of  common  water. 
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Giruaner.  Girtanncr  differs  in  opinion  from  Lavoifier  and  Craw- 
ford :  he  believes,  that  during  refpiration  one  part  of  the 
oxygen  of  the  vital  air  combines  with  the  venous  blood, 
the  deep  colour  of  which  it  changes  to  a  vermilion ;  that 
a  fecond  portion  of  the  oxygen  unites  to  the  carbon  con- 
tained in  the  carbonated  hydrogenous  gas,  which  exhales 
from  the  venous  blood,  and  forms  carbonic  acid  gas  ; 
that  a  third  portion  of  the  oxygen  unites  to  the  carbon  of 
the  mueus  which  the  lungs  contain  in  large  quantity, 
and  which  is  continually  decompofing.  This  part  like- 
wife  forms  carbonic  acid  gas.  A  fourth  part  of  the  oxy- 
gen combines  with  the  hydrogen  gas  of  the  blood  to  form 
water,  which  exhales  during  refpiration.  The  caloric 
which  the  decompofed  vital  air  contained  remains  in  part 
'united  to  the  oxvgen  and  to  the  blood  :  hence  the  quan- 
tity of  fpecific  heat  of  the  arterial  blood,  which  is  greater 
than  that  of  the  venous;  another  part  of  the  caloric  en- 
ters into  the  combination  of  the  carbonic  acid  gas ;  and, 
laftly,  a  third  part  produces  the  neceffary  temperature 
for  the  formation  of  water,  by  the  combination  of  hydro- 
gen and  oxygen  gafes  :  consequently  the  effefts  of  refpi- 
ration fhould  be, — 

1 .  The  venous  blood  lofes  the  carbonated  hydrogenous 
gas  it  contains,  and  abforbs  oxygen  gas,  which  gives  it 
a  vermilion  colour,  fuch  as  it  gives  to  metallic  oxyds,  to 
the  nitrous  acid,  and  to  feveral  other  fubftances  with 
which  it  is  combined. 

2. .  The  capacity  of  the  blood  is  augmented,  becaufe 
oxygen  increafes  the  capacity  of  all  fubftances  with  which 
it  unites. 

3.  The  oxygen  gas  of  the  atmofphere  is  in  part  ab- 
forbed  by  the  venous  blood,  partly  changed  into  carbonic 
acid  gas,  by  the  carbon  of  the  blood  and  that  of  the 
mucus  of  the  lungs,  and  partly  into  water  by  the  hydro- 
gen gas  of  the  blood,  and  the  great  quantity  of  caloric 
become  free. 
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The  produfls  of  refpiration  mould  be, 

1.  A  fluid  animal  oxyd;  2.  carbonic  acid  gas;  3  wa- 
ter;  4.  a  fmall  quantity  of  caloric  become  free. 

Hence  it  follows,  that  refpiration  is  a  procefs  exactly 
analogous  to  combuftion  and  the  oxydation  of  metals; 
during  circulation  the  blood  lofes  it's  oxygen,  and  be- 
comes loaded  with  carbonated  hydrogenous  gas,  by  means 
of  a  double  affinity;  during  the  diftribution  of  oxygen 
through  the  fyftem,  the  caloric  united  to  this  oxygen 
becomes  free,  and  produces  animal  heat;  and  the  greater 
capacity  of  arterial  blood  for  caloric  is  only  owing  to  the 
oxygen  to  which  it  is  united  in  the  lungs. 

Another  opinion  refpe&ing  the  procefs  of  refpiration  De  la 
is  that  of  de  la  Grange.  Confidering  that,  if  all.  theGranse' 
heat  diftributed  through  the  animal  fyftem  arofe»inthe 
lungs,  their  temperature  would  be  fo  very  great  as  to  caufe 
fear  left  it  fhould  conftantly  deftroy  them ;  and  that,  if 
the  temperature  of  the  lungs  is  fo  extraordinarily  different 
from  that  of  the  other  parts,  it  muft  have  been  long  ago 
obferved ;  he  thinks  he  can  conclude  with  great  proba- 
bility, that  all  the  heat  of  the  animal  ceconomy  is  fepa- 
rated  not  only  in  the  lungs,  but  in  all  parts  wherever  the 
blood  circulates.  For  this  purpofe,  he  therefore  fup- 
pofes,  that  the  blood  on  palling  through  the  lungs  dif- 
folves  the  oxygen  of  the  infpired  air;  that  this  diflblved 
oxygen  is  conveyed  by  the  blood  into  the  arteries,  and 
thence  into  theyeins;  and  that  during  circulation  the 
oxgen  quits  by  degrees  it's  ftate  of  folution  to  com- 
bine partially  with  the  carbon  and  hydrogen  of  the 
blood,  and  form  the  water  and  carbonic  acid  which  is 
extricated  from  it  as  foon  as  the  venous  blood  goes,  from 
the  heart  in  order  to  enter  the  lungs  ;  and  from  this  man- 
ner of  explanation  this  chemift.  thinks  that  the  fmall 
difference  may  be  eafily  accounted  for  svhich  is  found 
between  the  temperature  of  the  lurjgs  and  that  of  the  other 
I  4 
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internal  animal  parts,  and  how  the  caloric  may  arrive  at 
the  extreme  parts  the  mod  diftant  from  the  lungs. 
Haffenfratr.      The   opinion  of  HaflTenfratz  refembles    the  laft :  he 
thinks  that  caloric  is  not  only  difengaged  in  the  lungs, 
but  during  the  circulation  by  the  union  of  the  hydrogen 
and  carbon  of  the  blood  with  the  oxygen  which  is  inter- 
mixed with  it ;  and  as  caloric  is  extricated  during  this 
union,  and  this  caloric  fupports  the  animal  heat ;  and  as 
this  union  takes  place  for  the  mod  part  during  the  cir- 
culation of  the  blood  as  it  paflTes  from  the  lungs  into 
the  arteries,  and  thence  by  the  veins  into  the  lungs,  it 
follows,  that  the  greateft  part  of  the  caloric  is  feparated 
during  this  circuit.     This   chemift  explains  the  experi- 
ment of  Dr.  Crawford,  or  gives  the  caufe  why  the  ar- 
terial blood  acquires  a  greater  fpeciflc  heat  than  the  ve- 
nous ;  and  this  he  fays  may  be  done  two  ways  : — 1.  As 
all  oxydated  fubftances  have  a  greater  proportionable  heat 
than  (imple  fubftances,  and  as  the  arterial  blood  with  re- 
fpe£l  to  the  venous  may  be  looked  upon  as  oxydated,  the 
firfl  muft  have  a  proportionably  greater  heat  than  the  laft. 
2.  As  the  oxygen  in  the  arterial  blood  ftill  contains  al- 
moft  all  it's  caloric,  and  this  is  afterwards  extricated   in 
circulation  by  the  union  of  the  oxygen  with  the  hydro- 
gen and  carbon  of  the  blood — the  venous,  in  which  this 
combination  is  made,  contains  no  more  caloric,  it  having 
been  difengaged  and  difperfed  to  warm  all  the  parts  through 
which  the  blood   has   paflTed :  hence   the  venous  blood 
ought  to  have  comparatively  lefs  heat  than  the  arterial. 
Hence  the  lungs  are  not  the  ftove  of  animal  heat,  but  the 
caloric  in  order  to  fupport  it  is  extricated  during  circula- 
tion. 
f?rc«.  According  to  Gren,  the  oxygen  gas  does  not  give  up 

it's  bafis  to  the  arterial  blood  :  he  aflferts,  that  all  the 
water  we  expire  is  of  new  formation,  and  not  feparated 
from  the  bleod ;  that  confequently  oxygen  is  only  ab- 
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forbed  for  the  formation  of  water  and  of  carbonic  acid, 
and  that  there  remains  none  of  it  to  combine  with  the 
blood  :  further,  that  the  change  of  the  venous  into  the 
arterial  blood  in  the  lungs  does  not  depend  upon  the  ab- 
forption  of  oxygen,  but  on  the  feparation  of  the  carbon 
and  hydrogen ;  and  that  the  arterial  and  not  the  venous 
blood  is  a  ftimulus  to  the. heart. 

Another  theory  on  this  fubject  is  given  by  de  la  Me-  Deh  Me- 
therie.     This  chemift  does  not  believe  the  conclufions ther,e* 
drawn  by  Lavoifier  and  Seguin,  having  found  that, 

1 .  In  an  ordinary  infpiration,  no  more  than  from  four 
to  fix  inches  of  air  enter  the  lungs. 

2.  He  admits  three  caufes  of  animal  heat. 

a.  Caloric,  which  is  difengaged  from  the  pure  air  that 
undergoes  a  combination  in  the  lungs. 

b.  Mufcular  motion;  for  in  fleep  the  animal  heat  is 
lefs  than  when  awake ;  and  in  local  inflammation,  the 
heat  of  the  part  is  confiderably  raifed. 

c.  Finally,  the  fermentation  of  animal  fubftances  in 
the  ftoraach  and  inteftines,  during  which  fermentation 
caloric  is  difengaged ;  for  animal  matter  during  this  pro- 
cefs  is  known  to  be  heated  even  to  the  point  of  inflam- 
mation. 

3.  Refpiration  likewife  ferves  as  a  conductor  of  the 
electric  fluid;  for,  from  the  experiments  of  Read,  the  air 
of  an  apartment  in  which  a  perfon  has  breathed  for  a 
few  hours  is  always  electrified  negatively,  whilft  before  it 
was  in  a  pofitive  ftate  of  electricity. 

The  laft  theory  on  refpiration  is  that  of  Davy.  This  Davy, 
ingenious  philofopher  having  from  experiment  laid  it 
down  as  a  fact  that  the  caloric  of  the  fyftem  of  Lavoifier 
is  not  the  matter  of  heat,  or  an  imaginary  fluid,  as  has 
been  fuppofed;  but  that  it  may  be  defined  a  peculiar 
motion,  or  probably  a  vibration  of  the  corpufcles  of 
bodies  tending  to  feparate  them ;  and  hence  may  with 
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propriety  be  called  repulfiue  motion ;  and  having  fubfti- 
tuted  for  oxygen  gas  the  term  phos-oxygen  (from  p«s  light, 
•&/<  acid,  and  ymrvp  generator),  to  exprefs  a  chemical 
combination  of  the  fimple  fubftance  light  with  the  Am- 
ple fubftance  oxygen  ;  having  proved  that  the  oxygen  gas 
of  the  French  nomenclators,  which  they  have  fuppofed 
to  be  oxygen  combined  with  caloric,  is  a  fubftance  com- 
pounded of  light  and  oxygen;  and  having  explained  the 
theory  of  combuftion ;  he  firft  offers  fome  objections 
againft  the  theory  of  refpiration  of  the  calorifts. 

lft.  Againft  it's  being  fuppofed  that  one  portion  of  the 
oxygen  combines  with  the  iron  in  the  blood,  giving  the 
vermilion  colour  to  the  arterial  blood,  he  afferts  that  iron 
never  decompofes  phos-oxygen  at  fo  low  a  temperature  as 
98°,  the  greateft  heat  of  the  lungs ;  and  phos-oxygen  is 
never  decompofed  by  iron,  without  rapid  combuftion, 
flame,  and  great  heat. 

2d.  Oxygen  gas  is  never  decompofed  by  carbon  at  fo 
low  a^temperature  as  98°,  and  is  never  decompofed  with- 
out combuftion,  &c. 

3d.  There  is  never  a  decompofition  of  phos-oxygen 
by  hydrogen  at  fo  low  a  temperature  ;  and  it  is  well 
known  that  this  procefs  does  not  take  place  without  flame  : 
hence  the  theory  is  falfe.  On  the  contrary,  Davy  under- 
takes to  prove  from  experiments, 

lft.  That  phos-oxygen  (light  and  oxygen)  is  not  de- 
compofed in  the  lungs; 

2d.  That  phos-oxygen  combines  with  the  venous  blood 
in  the  lungs ; 

,3d.  That  carbonic  acid  and  water  are  both  liberated 
from  the  lungs  during  this  procefs,  either  by  the  increafe 
of  temperature,  or  from  the  fuperior  affinity  of  phos- 
oxygen  for  the  venous  blood. 

Firft  expe-       A  phial  containing  twelve  cubic  inches  and  a  half  was 
rrnent.  .  c  .*        . 

filled  with  very  pure  phos-oxygen.    The  medial  vein  of  a 
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healthy  man  was  opened,  and  the  flream  of  blood  di- 
rected into  the  phial.  The  mouth  of  the  phial  was  im- 
mediately brought  into  contact  with  the  arm,  fo  as  en- 
tirely to  exclude  all  external  air.1  The  room  was  then 
darkened.  As  the  blood  flowed  into  it,  it  changed  from 
a  dark  red  to  a  bright  vermilion  colour.  When  the  phial 
was  half  full,  it  was  clofed,  and  plunged  in  mercury  heated 
to  90°.  Having  remained  half  an  hour,  the  blood  was 
found  coagulated,  and  a  bright  vermilion  colour :  fome 
drops  of  water  were  formed  on  the  fides  of  the  phial. 
When  the  cork  was  drawn,  about  two  cubic  inches  of 
mercury  rufhed  into  the  phial;  from  which  he  concluded 
an  abforption  of  gas  had  taken  place.  The  remaining  gas 
was  three  cubic  inches  and  one  tenth  of  phos-oxygen, 
with  nine  tenths  of  a  cubic  inch  of  carbonic  acid. 

During  the  experiment,  no  light  was  liberated  :  hence 
Davy  fuppofes  there  was  no  decompoiition  of  phos-oxy- 
gen.  And  as  a  conflderable  diminution  of  phos-oxygen 
took  place,  and  the  blood  acquired  new  properties,  he 
concludes  that  phos-oxygen  is  capable  of  combination 
with  the  venous  blood.  To  prove  this  by  analyfis  as  well 
as  fyntheiis,  he  made  the  following  experiment : 

A  twelve-cubic-inch  phial,  with  a  pneumatic  apparatus  second  ex- 
affixed  to  it,  was  filled  with  arterial  blood  from  the  caro-  Fenme'tf- 
tid  artery  of  a  calf.     The  phial  was  placed  in  a  fand  bath 
of  the  temperature  of  96°,  and  the  heat  gradually  and 
flowly  raiftd.     In  about  ten  minutes  the  temperature  of 
the  bath  was  108°,  and  the  blood  began  to  coagulate.  At 
this  moment  fome  globules  of  gas  were  perceived  paffing 
through  the  tube.     Gas  continued  to  pafs,  in  very  fmall         , 
quantities,  for  about  half  ar:  hour;  when  the  temperature 
of  the  fand  was  about  200u.     The  blood  was  coagulated, . 
and  almoft  black.    About  one  cubic  inch  and  eight  tenths 
of  gas  were  collected  in  the  mercurial. apparatus :  of  this 
one  cubic  inch  and  one  tenth  were  carbonic  acid,  and  the      v 
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remaining  feven  tenths  phos-oxygen.  Great  caution  is 
neceflary  in  this  experiment;  for,  if  the  temperature  is 
not  gradually  and  (lowly  increafed,  the  liberated  gafes  are 
carbonic  acid  and  hydrogen. 

From  the  above  experiment  it  is  evident  that  the  arte- 
rial blood  contains  phos-oxygen ;  and  it  was  before  proved 
by  fynthefis  that  it  is  capable  of  combining  with  it  di- 
rectly :  hence  he  concludes  that  phos-oxygen  combines 
with  the  venous  blood  of  the  fyftem  in  the  pulmonary 
veflels. 

As  no  light  was  liberated  in  the  firft  experiment,  it  is 
evident  there  cannot  be  even  a  partial  decompofition  of 
phos-oxygen  in  refpi ration ;  and  confequently,  the  car- 
bonic acid  and  aqueous  gas  liberated  cannot  arife  from  the 
decompofition  of  phos-oxygen  by  the  carbon  and  hydro- 
gen of  the  venous  blood — they  muft  therefore  be  libe- 
rated from  the  venous  blood.  To  prove  this  more  clearly, 
the  following  experiment  was  made : 

mST"  A  fma11  meeP>s  bladder  was  filled  with  bIood  from  the 
medial  vein  of  a  healthy  woman.  This  blood  never  came 
into  contact  with  any  air  during  the  experiment.  The 
bladder  was  inferted  in  a  vefTel  of  water  heated  to  1 12°, 
and  the  gafeous  products  received  by  a  pneumatic  appa- 
ratus.    They  were  carbonic  acid  and  aqueous  gas. 

Refpiration  is  therefore,  according  to  the  theory  of 
Davy,  a  chemical  procefs — the  combination  of  phos- 
oxygen  with  the  venous  blood  in  the  lungs,  and  the  libe- 
ration of  carbonic  acid  and  aqueous  gas  from  it.  From 
the  combination  and  decompofition  arifes  an  increafe  of 
repulfive  motion,  which,  combined  with  that  produced 
by  the  other  chemical  procefTcs  taking  place  in  the  fyf- 
tem, and  that  generated  by  the  reciprocal  action  of  the 
folids  and  fluids,  is  the  caufe  of  animal  heat. 
TV  Men-  An  attempt  has  been  made  by  Dr.  Menzies,  or  rather 
tc^.j>:  to      he  informs  us  he   lias  ventured   to  examine,   how  the 
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ascertainment  of  the  quantity  of  air  ufually  refpired  may  ascertain 
throw  light  on  the  generation  of  animal  heat,  and  on  the  ^Jm'S*7 
quantity  of  heat  generated  in  a  given  time  *,  and  he  is  of  heat  gene" 
opinion,  that  this  can  be  eftimated  independently  of  any  given  time, 
theory  on  the  nature  of  heat  itfelf. 

The  experiments  of  Crawford,  Lavoifier,  and  de  la 
Place,  prove,  when  equal  quantities  of  air  are  vitiated 
by  refpiration  and  combuftion,  that  equal  degrees  of 
heat  are  evolved.  Crawford  found,  that  if  an  animal  be 
{hut  up  in  a  veffel  furrounded  with  water  and  protected 
from  the  accefs  of  air  by  very  foft  wool,  one  hundred 
meafures  of  air,  each  containing  an  ounce,  vitiated  either 
by  this  animal's  refpiration  or  by  the  combuftion  of  wax 
or  coal,  communicated  the  following  quantities  of  heat 
to  31  lbs.  7  oz.  of  water. 

Degrees.         ' 

!The  combuftion  of  coal,  gave    iy.3 
- — ■ wax,  . .  . .  2 1 .0 
The  refpiration  of  a  gui- 
nea pig, .. . .  1 7.3 

But  as  each  degree  of  Crawford's  thermometer  makes 
only  one  tenth  of  a  degree  of  Fahrenheit's,  it  is  evident, 
that,  if  a  thpufand  fuch  meafures  were  vitiated  by  the 
combuftion  of  wax  and  the  refpiration  of  a  guinea-pier, 
the  difference  between  the  quantities  of  heat  given  out  to 
31  lbs.  7oz.  of  water  will  make  3.7  degrees  of  Fahren- 
heit's; the  difference  between  the  quantities  given  out  by 
the  combuftion  of  coal  and  the  refpiration  of  a  guinea- 
pig  will  be  equal  to  2  degrees  of  Fahrenheit's  thermome- 
ter :  i.  e.  the  heat  communicated  to  the  water  by  the 
guinea-pig  will  be  two  degrees  lefs  than  that  communi- 
cated by  the  combuftion  of  coal, 

But  from  the  feries  of  experiments  of  Lavoifier  and  de 
la  Place  (Memoire  fur  la  Chaleur,  1783)  it  appears,  that 
the  heat  communicated  by  the  refpiration  of  a  guinea-pig, 
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when  equal  quantities  of  air  were  vitiated,  was  greater 
than  that  generated  by  the  combuftion  of  coal  in  the  pro- 
portion of  13  to  10.3.  But  as  contemporary  authors 
have  fuppofed  the  degree  of  heat  faid  to  be  communicated 
by  the  guinea-pig  to  be  fomewhat  exaggerated,  and  as  the 
reful t  of  their  experiments  was  almoft  the  fame,  Dr. 
Menzies  thinks  the  average  number  may  be  taken  as  a 
ru]c — the  difference  probably  proceeding  from  the  diffe- 
rent conftrudion  of  the  inftruments  employed  :  hence  it 
is  conceived,  that  when  equal  quantities  of  air  are  viti- 
ated, whether  by  refpiration  or  the  combuftion  of  coal, 
nearly  equal  quantities  of  heat  are  generated. 

As  the  quantity  of  heat  generated  when  a  given  quan- 
tity of  fixed  air  is  produced  by  the  combuftion  of  coal 
has  been  lately  demonftrated  by  Lavoifier  (Elements  of 
Chemiftry,  p.  101),  and  as  the  quantity  of  air  ufually  re- 
hired has  been  afcertained  :  it  is  evident  that  the  quan- 
tity of  heat  generated  in  the  lungs,  in  any  given  time, 
bveftimat-  could  be  alfo  found  out,  if  the  quantity  of  fixed  air  was 
quan  Uv of  e^*mate^  m  tue  a*r  tnat  nas  been  once  breathed, 
fixed  air  i  i       T|1C  following  experiments  were  made  with  this  view  ; 

rriptrcd  air.  . 

Firftexpc-  A  quantity  of  air  once  refpired  was  preffed  out  of  an 
allantoid  into  a  glafs  bottle  inverted  in  water;  and,  left 
any  part  of  the  fixed  air  fhould  have  been  abforbed  by  the 
water,  fomc  oil  was  previously  poured  into  the  bottle. 
The  bottle  was  then  inverted  into  another  vetfel  filled 
with  cauftic  alkali.  The  barometer  was  in  the  mean  time 
attended  to,  and  the  degree  of  heat  marked  by  a  thermo- 
meter. The  air  in  the  bottle  was  then  fhaken,  and  left 
in  contact  with  the  cauftic  alkali  till  all  the  fixed  air  was 
abforbed.  Then  the  bottle  was  again  plunged  into  the 
water,  till  the  cauftic  alkali  in  the  bottle  and  the  water  in 
the  veffel  were  at  the  fame  height.  The  bottle  beino-  then 
ftopped  with  a  cork,  and  placed  on  it's  bottom,  it  con- 
tained a    quantity  of  cauftic  alkali,   which,  accurately 
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weighed,  gave  the  quantity  of  fixed  air  abforbed,  after 
fome  corrections  being  made  on  account  of  the  afcent 
and  defcent  of  the  mercury  in  the  barometer,  and  the 
difference  of  temperature  in  the  bottle. 

Thus  the  bottle  contained  2038.5  cubic  inches ;  the 
temperature  of  the  air  of  the  bottle  was  59°  of  Fahrenheit; 
the  altitude  of  the  mercury  in  the  barometer  was  29.67 
inches.  The  temperature  of  the  air,  after  two  days,  was 
57. 5°  ;  the  altitude  of  the  mercury  in  the  barometer  was 
29.37  inches;  the  cauftic  alkali  of  the  bottle  weighed 
5  lbs.  9i  oz.,  equal  to  131.2713  cubic  inches.  But,  on 
account  of  the  afcent  of  the  barometer,  it  is  necefTary  to 
fubtract  2.09  cubic  inches,  and  6.471  cubic  inches,  be- 
caufethe  air  in  the  bottle  was  rendered  1.5°  (of  Fahrenheit) 
colder  :  for  as  the  volume  of  elaftic  fluids  is  in  the  inverfe 
proportion  of  the  weight  prefling  on  them,  29.37  :  29.07 
:  :  2038.5  :  #=2017-6:  and  2038.5  — 2017.6=20.9. 

And  as  atmofpheric  air  is  expanded  —  —  of  it's  vo- 
lume for  every  degree  of  Fahrenheit's  thermometer        * 

Xl.5°=6.471.  So  13 1.2713-20.9-6.471  =  103.9,  the 
number  of  cubic  inches  of  fixed  air  in  2038.5  inches  of 
air  once  refpired  ;  a  quantity  lefs  than  one  nineteenth  of 

2038  5 

the  whole;  for  -y^=l9.6.     But,  left   any  part  of  the 

fixed   air  fhould  be  abforbed,  oil  was  ufed   inftead  of 
water. 

The  bottle  was  filled  with  air  once  refpired  and  pafTed  Second  exi 
through  oil :  this  bottle  contained  179-812  cubic  inches.  Periraent* 

The  thermometer  and  barometer  were  as  in  the  laft  ex- 
periment. The  cauftic  alkali,  after  two  days,  weighed 
6?o  oz.  and  meafured  11.451  cubic  inches.  But  29.37  : 
29.07  :  :  179. 812  :  #=177.973;  and  179.812  —  177.973 

=  1.839;  and  ^g- xl.5°=0.5707. 

Thus  1 1.451-1.839-0,5707  =  9.042,  the  quantity  of 
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fixed  air  in  179.8  cubic  inches  of  air  once  refpired  ;  for 

9.04*        y 

The  fame  experiment  being  repeated  with  the  fame 
bottle,  3  oz.  1  dr.  only  of  cauftic  alkali,  meafuring 
5.9148  cubic  inches,  were  found  in  the  bottle.  But  as 
during  this  time  the  mercury  in  the  bottle  had  fallen  fix 
tenths  of  an  inch,  3.81 7  cubic  inches  rhuft  be  added  to 
that  quantity.  And  as  the  air  in  the  bottle  was  found 
ei^ht  tenths  of  a  degree  colder  towards  the  end  than  at 
the  beginning  of  the  experiment,  0.3044  parts  of  an 
inch  are  to  be  fubtra&ed  from  it. 

For  29.2:  29.82: :  179.812  :  xzz  183. 629 ;  and  133.629 

—  179. 812  =  3. 817  J  and -—X 0.8  =0.3044. 

1 79  8 12 

So  that  5.9148  +  3,817-0.3044  =  9.427.  And  -^ 

=  19.07. 

In  frequently  repeating  thefe  experiments  with  the 
large  and  fmall  bottles,  whilft  the  ftate  of  the  thermo- 
meter and  barometer  was  carefully  attended  to,  the 
greateit  variation  was  20.1  :  fo  that  the  average  number 
will  be  19.6. 

Dr.  Menzies  likewife  made  fome  experiments  to  dif- 
cover  the  quantity  of  fixed  air  in  the  room  where  thefe 
were  made;  but  the  quantity  in  2038.5  cubic  inches  of 
air  refpired  was  found  to  be  fo  fmall  as  to  be  fcarcely  per- 
ceptible. If  any  calculation  be  attempted,  the  quantity 
of  fixed  air  may  be  eftimated  at  ^3th  or  T|^dths  of  air 
once  refpired. 

Thus,  if  the  quantity  of  air  commonly  infpired  be  efti- 
mated at  40  cubic  inches,  and  the  number  of  refpirations 
at  18  in  a  minute,  720  cubic  inches  will  be  infpired  in 
the  fpace  of  a  minute;  of  which  quantity  only  |-^dths, 
or  194.4  cubic  inches  confiil  of  vital  air,  the  only  confti- 
tuent  of  attnofpheric  air  changed  by  refpiration. 
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But  j  parts  only  of  atmofpheric  air  are  changed  in 
each  refpi ration  :  hence  36  cubic  inches  of  fixed  air 
are  generated  in  the  fpace  of  a  minute  in  the  lungs  of  a 
middle-fized  man,  or  51840  cubic  inches  in  the  fpace  of 
a  day — a  quantity  of  air  weighing  22865.5  grs.  or 
3.96*97  lbs.  troy  weight.  And  as  Lavoifier  has  calculated 
that  for  every  pound  of  fixed  air  generated  by  the  com- 
buftion  of  coal  a  quantity  of  heat  is  evolved  which  would 
melt  27.02024  lbs.  of  ice;  and  as  the  fame  quantity  of 
heat  is  generated  in  air  vitiated  either  by  refpiration  or 
by  the  combuft ion  of  coal ;  it  follows  that  the  quantity 
of  air  vitiated  daily  in  the  lungs  of  an  ordinary  man  will 
give  out  nearly  as  much  heat  as  would  melt  107.2  lbs,  of 
ice:  for  27.02024x3.9697~107.2622,  But  as  a  por- 
tion of  this  heat  is  carried  off  in  the  air  expired,  under  the  > 
form  of  fenfible  heat ;  and  as  a  portion  is  employed  in  the 
formation  of  vapour,  or  is  rendered  latent;  thefe  quanti- 
ties can  be  calculated  in  the  following  manner : — 

As  a  cubic  inch  of  atmofpheric  air  weighs  0.32112 
parts  of  a  grain,  40  cubic  inches  will  weigh  12.8448 
grains*  But  T^  parts  of  this  quantity  being  converted 
into  fixed  air,  if  the  whole  remains  free  from  moifture  it 
will  gain  0.19794  :  fo  that  it  will  weigh  13.04274  grains. 
Hence  the  air  expired  during  the  fpace  of  a  minute  will 
weigh  234.7693  grains;  or  that  expired  during  a  whole 
day  will  weigh  338067-82  grains,  or  58.692  pounds.  But 
if  air  of  this  kind  be  fuppofed  to  have  the  fame  capacity 
for  receiving  heat  as  water,  it  follows  that  the  fame  de- 
gree of  heat  that  would  raife  58.69  lbs.  of  water  fome 
degrees,  would  alfo  raife  the  air  to  the  fame  degree.  But 
the  quantity  of  heat  requifite  to  raife  58.69  lbs.  of  water 
to  the  66th  degree  of  Fahrenheit,  is  equal  to  that  which 
would  melt  27.6692  lbs.  of  ice;  for  lince  140  degrees  of 
heat  become  latent  in  the  formation  of  each  pound  of 
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water  58,P9xP— =  27.6692.     Confequently   the  fame  de- 

grec  of  heat  will  be  daily  evolved  in  the  lungs  under  the 
form  of  fenfiblc  heat. 

The  difcovery  of  latent  heat  fhows  that  a  great  quan- 
tity of  heat  is  abforbed  during  the  formation  of  vapour, 
without  an  incrcafe  of  temperature  ;  and,  according  to  the 
experiments  of  Watt,  the  heat  thus  abforbed,  or  rendered 
latent,  would  raife  the  temperature  of  a  body  of  the  fame 
fpecific  gravity  and  capacity  for  heat  as  water,  although 
it  could  not  be  converted  into  vapour,  960  degrees  more 
than  before. 

Dr.  Menzies  weighed  accurately  a  large  allantoid,  and 
then  filled  it  with  expired  air.  When  it  was  quite  cooled, 
and  carefully  weighed  again,  it  was  found  to  have  gained 
two  grains  by  every  refpirationj  which  coincides  with 
an  experiment  made  by  Hales,  who  found  that  fome 
moiftcned  diaphragms,  through  which  he  had  breathed, 
gained  fix  grains  in  three  minutes.  Thus,  if  two  grains 
of  aqueous  vapour  be  fubtra&ed  every  minute,  with- 
out attending  to  what  may  be  fubtra&ccl  for  the  dif- 
ference between  the  weight  of  fixed  and  vital  air,  6  oz.  or 
0.5  of  a  pound  will  be  fubtra&cd  daily.  But  if  the  tem- 
perature of  a  body  incapable  of  being  evaporated,  of  the 
fame  capacity  for  heat  as  water,  weighing  0.5,  be  in- 
crcafed  yfio  degrees,  this  heat  will  diflolve  3.4285-1  lbs.  of 

c         960X0.5  -r,  ^,  r       1 

ice:  for  —3.4285.     But  as  Crawford  computes 

the  relative  heat  of  aqueous  vapours  at  1.55,  a  quantity  of 
heat  will  be  fubtra&ed  which  would  diflolve  1  lb.  and 
O.SS56  hundredth  parts  of  ice  more  tharrif  it's  capacity 
for  heat  had  been  the  fame  with  that  of  water;  or,  in 
other  words,  all  the  heat  daily  confumed  in  the  lungs,  in 
forming  aqueous  vapour,  would  diflolve  5.3  1  -1 1  lbs.  of  ice. 
So  that  all  the  heat  daily  evolved-  in  the  lungs  under  the 
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form  of  fenfible  heat  and  vapour,  would  dilfo!  ve  32.9833lbs. 
of  ice.     For  27-6692  +  5.3141  =32.9833. 

But  as  it  was  before  demonftrated,  that  in  one  day  a 
quantity  of  heat  was  evolved  by  the  change  induced  in  the 
air  in  the  lungs,  which  would  diflblve  107.2622lbs.  of  ice. 
Subtract  thence    32.9833 


cegreft 
to  which 


There  will  remain     74.2789 

which  would  be  the  quantity  capable  of  being  difTolved  by 
the  heat  daily  evolved  in  the  lungs  of  an  ordinary  man. 
But  it  is  neceffary  the  blood  mould  abforb  the  heat,  be- 
cause it  is  expofed  to  it's  action  in  the  lungs  for  the  fpace 
of  fome  hundreds  of  fquare  feet,  and  becaufe  this  fluid  is 
admirably  calculated  to  difTufe  heat  through  all  the  body. 
The  degree  to  which  the  blood  is  heated  in  it's  paflage  Then 
through  the  lungs,  may,  according  to  Dr.  Menzies,  be  ^biood  ia 
eflimated  in  the  following;;  manner  : — If  the  quantity  of  fhe  ,Hvng* 

°  '  J         is  heated 

blood  which  paffes  through  the  lungs  in  the  fpace  of  a  eftimated. 
minute  maybe  eflimated  at  8  lb. ;  if  the  heart  be  fuppofed 
to  propel  an  ounce  and  a  half  in  each  fyftole;  and  if  the 
blood  be  fuppofed  to  have  an  equal  capacity  for  heat  with 
water  j  it  is  evident  that  the  quantity  of  heat  that  would  make 
8  lbs.  of  water  rife  to  any  given  point,  would  alfo  make 
8  lbs.  of  blood  rife  to  the  fame  point.  But  as  the  quantity 
of  heat  abforbed  during  a  day  by  the  blood  has  been 
fhown  to  be  fufficient  to  difTblve  74.27  lbs.  of  ice,  the 
quantity  abforbed  each  minute  could  only  difTblve  0.05 158 
of  a  lb.  of  ice.  Beiides,  fince  140°  of  heat  are  requifite 
to  liquefy  lib.  of  ice,  or  become  latent,  1  :  1 40:  :0. 051581 
#=7.22°,  or  the  quantity  of  heat  requifite  for  difiblving 
0.05158  of  a  pound  of  ice  would  increafe  the  tempera- 
ture of  a  pound  of  water  by  7.22Q,  or  8  lbs.  by  0.90265  of 
a  degree  of  the  thermometer  of  Fahrenheit.  Thus  the 
heat  generated  each  minute  in  the  lungs  of  an  ordinary 
man  would  raife  the  temperature  of  the  blood  palling 
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through,  them  in  that  fpace  of  time,  by  0.90265  of  a  de- 
gree, if  blood  had  an  equal  capacity  for  heat  with  water. 
But  as  Crawford  concludes  that  the  comparative  heat  of 
venous  blood  bears  the  fame  proportion  to  that  of  water  as 
0.8928  to  1,  it  is  evident  that  the  fame  degree  of  heat 
which  would  raife  venous  blood  one  degree  would  raifethe 
fame  quantity  of  water  only  0.8928  of  a  degree ;  or  that 
their  temperatures  are  in  the  invcrfc  proportion  of  their 
capacities  for  heat. 

Thus  the  quantity  of  heat  would  raife  the  ,fame 
quantity  of  venous  blood  1.01103°;  for  0.8928  : 1.0000  :: 

0.90265  :"f!ff  -  =  1.01103.     And  as  he  found  that  the 

capacity  of  venous  blood  for  heat  is  increafed  by  it's  be- 
coming arterid,  in  the  proportion  of  0.8928  to  1.03  ;  if 
venous  blood  is  raifed  1.01 103°  by  the  heat  evolved  in  the 
lungs,  it  follows  that  arterial  blood  will  be  raifed  only 
0.S763  ;  for  1.03  :  0.8928:  :  1.01103  :  x  =  0.8763. 

Thus  0.13468  parts  of  a  degree  of  Fahrenheit's  ther- 
mometer equal  the  quantity  of  heat  which  becomes  la- 
tent, although  the  capacity  of  the  blood  for  heat  is  in- 
creafed in  the  Tame  proportion ;  for  1 .01 103 — 0.87635  = 
0.13468. 

Therefore  the  blood  in  it's  paflage  through  the  lungs, 
according  to  the  calculation  of  Dr.  Menzies,  gains 
1.01103,  or  more  than  one  degree  of  Fahrenheit,  and 
it's  temperature  is  increafed  0.8763  of  a  degree.  Whence 
it  follows,  that  the  blood  in  the  left  fide  of  the  heart  is 
wanner  than  that  in  the  right  by  eight  tenths  of  a  de- 
gree. This  feems  to  be  confirmed  by  an  experiment  of 
Hunter's  on  a  live  dog;  for,  having  introduced  the  ball 
of  a  thermometer  two  inehes  within  there&um,  thequick- 
filvcrrofeto  100°  and  a  halfexa&ly.  The  cheft  of  the 
dog  was  then  opened,  and  a  wound  made  in  the  left  ven- 
tricle of  the  heart ;  and  immediately  on  the  ball  being  in- 
troduced the  quickfilver  rofe  to   101°  exactly.     A  wound 
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was  next  made  fome  way  into  the  fub  fiance  of  the  liver, 
and  thequickfilver  rofeto  100Q  and  three  quarters.  It  was 
next  put  into  the  cavity  of  the  ftomach,  where  it  flood  at 
101°.  All  thefe  experiments- were  made  in  a  few  minutes. 
Hence,  according  to  Dr.  Menzies,  the  quantity  of  ani- 
mal heat  generated  in  the  lungs  may  be  determined  by  a 
method  founded  on  the  two  following  propofitions, 

1 .  That  nearly  equal  quantities  of  heat  are  evolved 
when  equal  quantities  of  vital  air  are  vitiated,  whether  by 
the  combuftion  of  coal,  or  by  the  refpiration  of  animals. 

2.  That  the  quantity  of  fixed  air  generated  in  the  lungs 
in  any  given  time,  can  be  eafily  determined  by  knowing 
the  quantity  of  fixed  air  in  air  once  refpired. 

This  method,  therefore,  has  no  connexion  with  any 
theory  of  animal  heat,  or  with  the  different  capacities  of 
fixed  and  vital  air  for  heat. 

Different  authors  -have  given  the  heat  of  the  human  Heat  cf  jh» 
body.  According  to  Boerhaave  it's  natural  heat  is  92°  body. 
or  at  mod  94°  ;  and  Pitcairn  makes  the  heat  of  the  fkin 
to  be  the  fame.  It  is  however  evideiit,  that  the  different 
parts  of  the  body  not  only  differ  from  each  other,  but  that 
they  differ  from  themfelves  according  to  the  feafons  and 
other  circurn fiances :  hence  the  difference  of  the  refults 
amongft  phyficians  who  have  attempted  to  afcertain  the 
animal  heat. 

Amontons  found  it  to  be 91,  §2,  or  93° 

Sir  Ifaac  Newton >, > 95f 

Fahrenheit  and  Mufchenbroek  found  the  blood  to  be  96 

Dr.   Martine  found  the  fkin  to  be 97  or  98 

the  urine 99 

Dr.  Hales  found  the  fkin 97 

_ the  urine 103 

John  Hunter  under  his  tongue    97 

in  his  reclum    98| 

—  in  his  urethra,  at  one  inch 92 
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John  Hunter  in  his  urethra,  at  two  inches 93° 

. — — at  four  inches 94 

at  the  bulb  of  the  urethra  97 

Such  are  the  phenomena  refpiration  produces  in  the 
more,  per  feci:  animals  with  warm  blood  ;  and  fuch  have 
been  the  various  opinions  with  refpeel  to  the  utility  of  this 
procefs,  and  the  part  it  acls  in  the  animal  ceconomy. 
I  he  next  par:  will  give  an  account  of  the  refpiration  of 
fiihes  and  infe&s. 
Fxrcr:-  Refpiration  of  Fi/b:s. — Dr.  Prieftley  having  found,  ae- 

Pn'ciiVy.  cording  to  the  phlogiftic  fyftem,  that  the  principal  uk  of 
the  lungs  and  of  the  hkod  in  man,  quadrupeds,  and  ani- 
mals with  lungs,  is  to  difcharge  phlogifton  from  the  ani- 
mal fyftem,  in  a  (late  proper  to  diminifh  refpirable  air, 
and  to  render  it  unfit  for  refpiration,  wasdefirous  of  trying 
whether  fifties,  which  do  not  breathe  like  other  animals, 
part  with  phlogifton  to  the  water  in  which  they  live. With 
this  view  he  put  two  (a  large  perch  and  an  eel) 'into  a  pail 
of  water;  and  when  they  had  been  in  it  about  twenty- 
four  hours  he  nearly  filled  a  large  phial  with  the  water, 
and  in  it  he  agitated  a  fmall  quantity  of  common  air  be- 
tween fix  and  feven  minutes,  and  found  that  it  was  confi- 
derably  injured  by  the  operation;  for  two  meafures  of 
this  and  one  of  nitrous  air  occupied  at  firft  the  fpaceof 
two  meafures  and  one  fixth,  and  by  {landing  feveral  davs 
were  never  lefs  than  two  meafures.  But  when  he  agitated 
an  equal  quantity  of  air  in  the  fame  quantity  of  the  fame 
water  in  which  no  fifties  had  been  confined,  and  for  the 
fame  fpace  of  time,  it  was  not  injured  in  the  flighted  de- 
gree. It  is  evident,  therefore,  according  to  Prieftley,  that 
phlogifton  is  difcharged  from  fifties  as  well  as  from  other 
animals  ;  that  this  phlogifton  afTec~ls  the  water,  and  this 
water  the  air  that  is  agitated  in  it;  and  in  the  fame  man- 
ner as  the  fi  (lies  themfel  ves  would  have  afTecled  it,  if  it  had 
been  poftible  for  them  to  breathe  it.     Other  experiments 
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confirmed  and  extended  thefe  conclufions.  Having  filled 
a  phial  with  fome  water  from  the  hot  well  at  Briftol, 
which  he  found  to  contain  air  in  a  great  flate  of  purity,  he 
put  a  few  minnows  and  other  (mall  fifhes  into  it,  about  two 
inches  in  length,  and  confined  them  without  any  accefs  of 
common  air  until  they  died.  He  then  took  equal  quantities 
of  the  foul  and  of  frefh  water,  and  expelled  from  both  all 
the  air  they  would  yield.  That  from  the  water  in  which 
no  fifhes  had  been  put,  or  the  frefh,  exceeded  the  foul  in 
the  proportion  of  three  to  two ;  and  by  the  teft  of  nitrous 
air,  the  former  exceeded  the  latter  in  a  ftill  greater  pro- 
portion. The  frefh  was  about  the  ftandard  of  common 
air,  and  the  foul  fomewhat  worfe  than  air  in  which  a 
candle  juft  goes  out :  it  might  have  been  worfe,  but  the 
water  remained  in  an  open  veffel  all  night  before  the  ex- 
periment. Hence,  air  contained  in  water  in  an  unelaftic 
ftate  is  as  neceflary  to  the  life  of  fifhes,  as  air  in  an  elaftic 
ftate  is  to  that  of  land  animals. 

He  then  had  no  doubt  but  that  putting  fifhes  into  water 
impregnated  with  air  thoroughly  phlogiflicated  would  be 
equally  injurious  to  them,  as  this  air  in  an  elaftic  ftate  is  to 
land  animals;  and  this  was  verified.  He  began  with  rain 
water  which  contained  no  air,  having  been  recently  boiled. 
He  put  ninefmall  fifties  into  a  veffel  containing  about  three 
pints  of  it,  and  they  lived  between  three  and  four  hours,  no 
air  having  been  admitted.  Two  fifhes  were  put  into  a  pint 
of  it  impregnated  with  phlogifton  from  air  that  had  been 
phlogiflicated  fix  months  before  by  means  of  iron  filings 
and  fulphur,  and  they  lived  in  it  nearly  an  hour.  It  was 
very  imperfectly  impregnated.  Inflammable  air  had  a 
fimilar  effect.  John  Hunter  having  informed  him  that 
fifhes  would  not  live  in  water  impregnated  with  fixed  air, 
he  tried  it,  and  found  that  fmall  fifhes  would  not  live  in 
it  more  that  a  few  minutes.  It  is  well  known  that  all  fpa 
waters  containing  fixed  air  are  fatal  to  fifhes,  frogs,  and 
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infects.  He  found  that  in  water  impregnated  with  nitrous 
air  they  were  affected  in  the  fame  manner,  but  more  vio- 
lently j  but  as  a  decompofition  offome  fmall  part  of  the 
nitrous  air  might  take  place  before  he  could  poilibly  flip 
the  funnel  into  the  neck  of  the  phial,  he  introduced  the 
fifties  into  the  veflel  in  which  he  had  impregnated  the  water 
while  it  remained  inverted  in  the  balm,  the  remainder  of. 
the  nitrous  air  not  imbibed  by  the  water  (till  reding  upon 
it.  The  phial  contained  fomcthing  more  that  a  pint, 
and  the  nitrous  air  occupied  about  one  fourth  of  it.  Into 
this  veflel  he  introduced  two  fmall  fifties,  and  they  con- 
tinued very  quiet,  without  being  feized  with  any  convul- 
fions  (as  happened  before),  ten  minutes,  or  a  quarter  of 
an  hour,  before  they  died.  Hence,  the  caufe  of  the  con- 
vulfions,  in  the  former  experiment,  arofe  not  from  the 
nitroui  air,  properly  fpeaking,  but  nitrous  acid,  whicfr 
acled  like  the  fixed  air,  another  kind  of  acid.  Whereas 
now  the  fifties  were  no  otherwife  affeclcd  than  in  water 
with  phlogiiticated  or  inflammable  air,  except  that  the 
water  had  imbibed  more  of  the  nitrous  air,  and  hence  was 
fooncr  fatal  to  them, 
uct.  From  the  conformation  of  the  organs  of  refpiration,  or 
the  gills,  in  thefe  animals,  BroufFonet  has  formed  them 
into  two  (Jiviiions:  viz',  the  cartilaginous,  .fuch  as  the 
fca-dog,  the  ftiark;  and  the  Tpinous,  as  the  fca- wolf,  &c. 
In  the  firft  divifion,  the  gills  are  fuftained  by  a  cartilagi- 
nous arch,  and  are  more  confiderable  in  number  than  in 
the  fecond;  in  the  la  ft,  thev  are  fupported  by  feveral 
fmall  curved  bones,  the  number  being  feldom  lefs  than 
lour,  and  never  exceeding  it. 

The  ftruclure  of  the  gills  is  fo  formed,  that  the  fari- 
guincous  velfels,  which  are  distributed  over  them,  make, 
as  in  the  lungs  of  quadrupeds,  a  very  Ions;  pafiage  in  a 
ihortfpace  ;  but  they  differ  very  much  in  different  kinds 
of  fifties.     The  way  of  life  to  which  nature  has  deftined 
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thefe  animals  is  the  principal  caufe  of  thefe  varieties, 
which  rarely  take  place  in  the  refpiratory  organs  of  dif- 
ferent quadrupeds  and  birds.  Thus  fifhes  which  live  in 
ftill  water  and  in  places  where  the  water  is  rarely  re- 
newed, fuch  as  eels,  have  their  gills  fuftained  by  fhort  , 
offeous  arches;  the  cavity  of  their  gills  is  very  large,  and 
they  are  able  to  preferve  the  water  in  thefe  organs  a  much 
longer  time  than  other  fifhes.  They  may  in  fome  mea- 
fure  be  compared  to  the  reptiles  and  oviparous  quadru- 
peds, which  have  cellular  lungs  fur  nidi  ed  with  fibres,  and 
in  fuch  a  manner  as  to  be  able  to  keep  a  certain  quantity 
of  air  in  referve  in  cafe  of  need.  On  the  contrary,  in 
thofe  fpecies  of  fifhes  that  frequent  the  high  feas,  and  are 
deftined  to  make  long  emigrations,  and  fwim  very  rapidly, 
the  gills  are  placed  upon  very  great  bones ;  feveral  are 
provided  with  a  peculiar  organ,  deftined  like  the  gills  for 
refpiration.  , 

In  animals  that  refpire  air  there  is  only  one  aperture  by 
which  this  element  is  received  and  rejected  :  this  is  not  the 
cafe  in  fifhes  which  receive  water  into  their  refpiratory  or-  , 
gans  by  different  ways :  thus,  in  the  lamprey  there  is  only 
one  opening  at  the  fummit  of  the  head,  by  which  the  water 
is  conducted  to  the  gills  ;  in  the  ray  there  is  one  on  each 
fide  of  the  head;  whilftthe  greater  number  of  fi  flies  receive 
water  by  their  mouth,  and  it  departs  by  the  gills.  In  the 
cartilaginous  fifhes,  whofe  organs  of  refpiration,  as  has 
beenobferved,  aremore  extenfive  than  thofe  of  other  fifhes, 
the  greateft  part  reject  the  water  by  feveral  openings;  as 
in  the  lampreys,  which  have  feven  holes;  the  fea-dog  has 
five,  and  the  fturgeon  has  only  one,  forming  feveral  divi-  •  • 
fions.  The  other  fpecies  of  fifhes  have  only  one  opening, 
but  it's  form  .varies  according  to  the  animal  ceconomy  of 
each  kind.  Thus,  thofe  deftined  to  live  in  fhallow 
waters  and  never  at  a  diftance  from  the  banks,  and  fome- 
times  buried  in  the  fand,  have  this  opening  very  fmall, 
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forming  a  fpccies  of  canal   fnrrounded  by  thick  mem- 
branes.    Thofe  which  are  obliged  to  make  rapid  mo- 
tions have  their  gills,  on  the  contrary,  the  mod  exten- 
6vely  formed  ;  their  mouth  and  the  opening  of  the  gills 
are  very  large ;  thev  receive   a  great  quantity   of  water, 
and  renew  it  much  oftener  than  the  others  ;  they  die  al- 
niofl  as  foon  as  they  are  out  of  the  water :  whilft  carp, 
eels,  Sec.  which  have  fmall  openings,  live  a  long  time  in 
the  open  air.    On  comparing  the  refpiration  of  fi flies  with 
that  of  animals  that  breathe  in  the  open  air,  it  appears, 
that  the  firft  more  frequently  infpirc  than  the  laft;  be- 
caufe  the  oxygen  to  be  extracted  from  the  water  is  much 
his  abundant  than  in  theatmofphere,  and  it  is  more  diffi- 
cultly feparated  from  the  water.  Fifties,  however,  appear  to 
have  the  advantage  of  a  refervoir,  which  ferves  occafion- 
ally  to  fupply  the  deficiency  of  oxygen  by  the  refpiratory 
Air-bhrf-    organs.     This  is  called  the  air-bladder  of  fifties.  Accord- 
mg  to  the  experiments  on  the  air  which  this  bladder  con- 
tains, by  Brodbelt  of  Jamaica,  particularly  thatofthefword* 
fifh,  it  is  pure  oxvgcn  gas  ;  he  thinks  it  ferves  the  purpofes 
of  life  when  the  animal  is  unable  to  come  to  the  furface. 
Accum   lays  the  air-bladder  of  a  carp  contains  common 
air.     Monro  had  fuppofed  it  to  contain  fixed  air.     Four- 
croy  fays  it  is  azot  gas  united  fometimes  with  a  little  car- 
bonic acid  gas;  that  it  is  produced  in  the  ftomach,   and 
thence   paflfes   into  this  airy  receptacle.     Fiihes   are  not 
able  to   fupport  in  water  a  degree  of  heat  equal  to   that 
which  man  and  quadrupeds  fupport   in  the  atmofphere, 
and  the  difference  is  very  confiderable.     On  making  the 
companion,  phyficians  have  obferved,   that  air  mav  be 
breathed  by  the  human  fpccies  at  264°  with  impunity. 
Tillet  made  animals  breathe  an  air  heated  to  300Q.  A  girl, 
likewife,  under  Marantin,  breathed  an  air  of  325°  for  five 
minute  .     Notwithstanding  fuch  degrees  of  heat  would 
be  infupportable  to  fiflies,  and  would  even  be  fufticient  to 
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deftroy  their  organization,  feveral  obfervations  have  been 
made  on  fifhes  found  alive  in  very  warm  waters,  and  even 
by  the  ancients.     Thus  iElian  fpeaks  of  a  lake  in  Libya, 
the  water  of  which  is  very  warm,  and  fifhes  are  found  in 
it  which  die  if  tranfported  to  a  colder  water.    Similar  ob- 
fervations arc  to  be  found  in  St.  Auguuin  and  Cardanus. 
Shaw,  in  his  voyage  to  Barbary,   fpeaks  of  feveral  hot 
waters  in  which  he  had  found  feveral  fpecies  of  perch  5 
and  des  Fontaines  lately  made  the  fame  obfervation  in  the 
neighbourhood  of  Cafza,  where  the  thermometer  of  R. 
rofe  to  30°.     Lucas,  in  his  Hiftory  of  Mineral  Waters, 
gives  fome  obfervations  on  living  carp  found  in  a  thermal 
water,  the  heat  of  which  was  equal  to  that  of  the  human 
blood.     Valifnieri  and  Conringius  have  likewife  feen  liv- 
ing fifhes  in  thermal  waters.     Anderfon  witneffed  a  fimi- 
lar  fact  in  Iceland.     But  the  moft  furprifing  facl;  is  that 
of  Sonneret,  who  found  fome  fifhes  in  a  water  at  the 
Manillas  at  the  degree  of  69  of  Reaumur.   From  the  ex- 
periments of  BroufTonet,  fifhes  did  not  live  at  fo  high  a 
temperature.      Mufchenbroek   had    already   found  that 
fifties  perifhed  at  1 1 1 Q  of  Fahrenheit ;  he  even  faw  a  very 
vigorous  perch  die  in  three  minutes  in  a  water  heated  to 
06°.     He  adds,  that  thefe  animals  lived  very  well  at  72°. 
It  is  very  difficult  to  determine,  in  a  pofitive  manner,  the 
different  degrees  of  heat  each  fpecies  is  able  to  bear ;  they 
differ  not  only  according  to  the  feafon,  but  likewife  ac- 
cording to  the  forms  of  the  organs  of  refpiration. 

On  the  20th  of  June,  1 784,  BroufTonet  put  a  couple  of 
ten-fpined  flickle-backs  (epinoches)  into  fome  water  at 
a  temperature  of  14°.  This  was  gradually  heated,  and  at 
«.  the  end  of  two  hours  and  a  half  the  thermometer  mounted 
to  28°  :  the  fifhes  then  became  agitated,  but  on  being  caft 
into  frefh  water  they  became  well  again  in  a  few  minutes. 
On  the  10th  of  November,  1784,  he  put  a  carp,  fome 
bleaks,  gudgeons,  and  perch,  into  fome  water  of  the  Seine 
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at  5°,  and  the  bottom  of  the  veflel  was  covered  with  fand. 
At  25  minutes  part  twelve  o'clock  the  thermometer  was 
at  6jc  ;  at  30  minutes  at  8C,  &c.  This  experiment  lafled 
till  45  minutes  pr.il  four;  and  he  marked  the  degrees  of 
heat  every  five  minntes,  pouring  fomc  frefh  water  into 
the  veflel  at  different  tiims  in  fmall  quantities.  At  12°, 
the  fmalleft  fillies  begr  n  to  rife  to  the  furface  of  the  water, 
became  agitated  anci  ill;  yet  the  Seine  water  is  much 
•warmer  in  the  fummer.  At  21°  the  fmall  bleaks  were 
nearly  dead.  At  226  the  perch  were  motionlefs,  and 
reverfed.  The  gudgeons,  which  were  of  a  larger  flze, 
did  not  appear  to  fuller  till  23°  ;  whilft:  the  carp  was 
not  at  all  agitated,  it's  refpiration  being  only  more  fre- 
quent. At  28°,  at  which  point  the  water  was  kept  15 
minutes,  the  carp  began  to  lofe  it's  equilibrium,  and  be- 
came ill ;  it  afterwards  appeared  dead,  and  on]y  came  to 
itfelf  again  after  being  left  a  long  time  in  frefli  water. 
Brouflbnet  employed  four  hours  and  a  half  in  bringing 
the  heat  "of  the  water  to  28*.  He  is  of  opinion  that, 
with  certain  precautions.,  fifli  would  live  in  a  water  heated 
beyond  28°. 

"  On  fuppofmg,"  fays  Brouflbnet,  "  as  I  have  reafon 
?'  to  believe  from  my  experiments,  that  fifties  cannot  fup- 
<l  port  water  heated  beyond  30°;  on  recollecting,  at  the 
"  fame  time,  that  it  is  impoffible  for  them  to  live  in  a  wa- 
"  ter  the  temperature  of  which  is  a  few  degrees  below  zero, 
<e  it  would  follow  that  thefe  animals  could  only  live  in  a 
"  fcale  of  30  degrees  at  moft;  a  fcale  which,  when  com- 
"  pared  with  that  fupported  by  warm-blooded  animals, 
"  will  appear  very  (hort :  it  will,  however,  always  be  in 
(i  a  ratio  to  the  vital  heat,  which  in  fifties  is  even  below 
"  that  of  reptiles  and  oviparous  quadrupeds.  Martine  has 
"  obferved  of  feveral  fait- water  fi flies,  that  the  heat  of 
"  their  blood  did  not  exceed  the  water  in  which  they 
"  were,  more  than  one  degree.  The  fame  experiment  re- 
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<c  repeated  upon  a  trout,  and  other  river-fifh,  afforded  him 
"  the  fame  refult.  Mr.  John  Hunter  faw  the  thermome-  / 
"  ter  in  the  ftomach  of  a  carp  rife  from  65l:°,  which  was 
"  the  temperature  of  the  water,  to  69°,  i.  e.  three  degrees 
"  and  a  half  higher  :  but  it  is  neceffary  to  obferve  that 
C(  the  fifh  was  then  out  of  the  water;  which  muft  have  a 
<e  great  influence  on  the  refult  of  the  experiment. " 

BroufTonet  plunged  a  thermometer  into  the  bodies  of 
feveral  fmall  fifties  of  the  Seine,  which  never  rofe  higher 
than  three  fourths  of  a  degree  beyond  the  temperature  of 
the  water;  fometimes  it  only  increafed  half  a  degree,  par- 
ticularly in  thofe  that  were  ill.  A  pretty  large  eel,  although 
weak,  only  caufed  the  thermometer  to  rife  three  fourths 
of  a  degree.  Carp  conftantly  gave  one  degree  more, 
fome  a  degree  and  a  half;  fo  that  it  appears  the  animal 
heat  of  fifhes  is  very  inconfiderable. 

According  to  the  fame  author,  fifhes  are  fubje£t  to  a 
great  lofs  of  animal  heat  by  the  water  continually  extract- 
ing it;  fo  that  the  portion  of  this  fluid  immediately  fur- 
rounding  them  is  warmer  than  elfewhere.  It  has  been 
obferved,  that  a  carp  plunged  into  a  mixture  that  foon 
became  congealed,  preferved  around  it  a  certain  quantity 
of  fluid  water,  although  the  reft  was  totally  congealed. 

The  animal  heat  of  fifhes,  no  doubt,  arifes  from 
their  refpiration ;  for  the  phenomena  by  which  Lavoifier  ' 
and  de  la  Place  have  explained  it's  production  in  animals 
living  in  the  atmofphere,  are  obferved  alfo  in  fifhes,  but  in 
a  lefs  evident  degree  :  the  difference  of  heat  between  ani- 
mals breathing  air,  and  thofe  which  refpire  water,  is 
more  particularly  remarkable  on  comparing  fifhes  with 
the  cetaceous  order.  Both  inhabit  the  fame  element;  yet 
thofe  with  gills,  that  refpire  water,  have  only  one  degree 
or  one  and  a  half  more  than  the  water  itfelf,  whrlft  the 
cetaceous  order  that  refpire  air  have  their  blood  as  warm 
as  man.       Brouffonet  found    the  body  of  a    porpoife 
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juft  dead  to  be  28{°  in  the  neck,  whilft  the  temperature  of 
the  atmofphcre  was  at  14  tf,  and  that  of  the  fea- water  near 
the  fhore  at  13^°. 

It  alfo  appears  that  fifhes  do  not  fufTer  fuch  extreme  va- 
riations of  cold  and  heat  as  quadrupeds.  The  tempera- 
ture of  the  water,  at  a  certain  depth,  is  almoft  always 
the  fame,  as  appears,  with  refpect  to  the  fea,  from  the  ex- 
periments of  Marfili  and  SauiTure.  That  of  rivers,  when 
the  fur  face  is  frozen,  is  a  few  degrees  above  zero  in 
the  middle.  In  great  heats,  the  temperature  of  the  water 
is  always  below  that  of  the  air."  Yet  it  appears  that  thefe 
animals  are  more  fenfiblc  to  a  great  degree  of  heat  than 
of  cold. 

Fifties  are,  however,  atTe&ed  by  the  variations  of  the 
atmofphere;  and  it  is  to  it's  great  variations  in  tempera- 
ture that  the  emigration  of  that  prodigious  quantity  of  her- 
rings is  to  be  attributed,  which  the  cold  of  the  pole  forces 
annually  to  feek  more  temperate  feas.  Fifhes  likewife 
which  live  near  the  banks,  feel  the  cold  of  the  air,  and  go 
into  deeper  places  to  protect  them  from  it,  where  the 
greater  part  remiin  in  a  flate  of  torpidity,  fimilar  to  what 
bears,  marmots,  and  dormice  undergo  during  the  winter. 
The  ancients  .have  given  fome  account  of  this  periodical 
fleep,  whiHl  the  moderns  have  fcarcely  obferved  it.  The 
fifhes  of  this  order  may  be,  however,  known  by  the  great 
length  of  their  bodv,  the  abfence  of  the  ventral  fins,  and 
the  undulating  motions  they  are  obliged  to  make  to  f up- 
port  themfelves  in  the  water. 

It  is  obferved  that  water  arTecls  the  organs  of  refpira- 
tion  in  fifhes,  in  a  greater  variety  of  ways  than  air  a&s 
upon  thofe  of  warm-lilcoded  animals.  Several  individu- 
als, after  having  refpired  a  certain  quantity  of  water  for 
fome  time,  vitiate  it  fo  much  as  to  be  no  longer  proper  for 
refpiration,  in  the  fame  manner  as  warm-blooded  animals 
change  the  air.     Water,  likewife,  holds  in  folution  a 
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greater  number  of  fubftancer>  than  the  air ;  and  amongft 
thefe  many  are  found  to  be  prejudicial  to  fiihes,  by  acting 
on  their  refpiratory  organs,  which  more  rarely  happens  to 
animals  living  in  the  atmofphere.     They  are  able,  how- 
ever,  to  refift  fome  of  thefe  changes :  thus,  they  pafs 
from  fait  to  fweet  waters,  and  reciprocally,  without  detri- 
ment; numbers  of  falmon,  (bads,  lampreys,  &c.  annu- 
ally leave  the  fea  and  mount  the  frefb  water  rivers,  whilfl: 
the  carp  often  quits  the  river  for  the  faltnefs  of  tbe  ocean. 
Brouffonet  found  that  fifties  are  able  to  live  in  diftilled 
water ;  that  they  at  iirft  fhowed  figns  of  unealinefs,  but 
after  fwimming  about  for  fome  time  they  no  longer  ap- 
peared to  fuffer ;  he  thinks  it  moft  probable,  that  by  mov- 
ing about  they  had  caufed  the  water  to  unite  with  a  quan- 
tity of  air  fufficient  for  refpiration.     He,  however,  found 
that  a  fmall  fifh  enclofed  in  a  corked  bottle  containing  a, 
pint  of  diftilled  water,  lived  more  than  thirty  hours.  He 
found  that  a  fmall  quantity  of  firup  of  violets,  dropped 
into  the  diftilled  water  in  which'were  living  fifties,  at  firfi: 
underwent  no  change  of  colour :    it  became  lb  me  what 
green  afterwards,  suiting  perhaps  from   the  alkali  of  the 
mucus  with  which  they  are  covered,  and  which  always 
mixes  with  the  water.     A  drop  of  acid   of  arfenic  in  a 
large  quantity  of  water  immediately  killed  a  very  ftrong 
fim.     Water  fiightly  impregnated  with  fixed  air  destroyed 
a  limilar  fifh  in  a  few  minutes.     Plunged  into  lime  water 
they  likewife  very  foon  died.     It  was  well  known  that  by 
throwing  lime  into  water  fifhermen   are  accuftomed  to 
deftroy  theflfhes ;  and  by  feveral  other  fubftances  the  fame 
is  effected.  Thus,  in  the  Indies  the  juices  of  feveral  fpecies 
of  plants  are  made  ufe  of.     In  the  fouth  of  France  the 
milky  juice  of  the  euphorbia  characias  of  Linnseus,  which 
grows  there   in  great  abundance  la  uncultivated  places, 
is  employed  for  the  fame  purp'ofe.     It  is  by  affecting  the 
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refpiratory  organs  of  theft  animals  that  their  death  is  oc- 
cafioned. 

Bell.  We  are  informed  by   Bell  (in  contradiction  to  what 

Brouflbnet  has  faid),  that  if  there  be  no  air  in  the  water 
in  which  fifties  arc,  or  not  in  fufficient  quantity  for  them 
to  breathe,  they  die;  that  diftilled  water  is  to  thefe  ani- 
mals what  the  vacuum  of  an  air-pump  is  to  an  animal 
that  refpires  air  in  the  atmofphere  ;  that  if  you  exhauft 
water  of  it's  air  by  a  pump,  or  boil  or  diftil  it,  or  by  any 
other  means  deprive  it  of  it's  air,  fifties  are  no  longer  able 
to  breathe  in  it;  that  they  rife  to. the  furface  and  gafp  for 
air ;  and  that  on  extracting  the  air  from  water  in  which 
fifties  have  refpired,  it  is  found  to  be  contaminated  exactly 
in  the  fame  manner  as  air  refpired  by  warm-blooded  ani- 
mals; and  that  it  differs  very  little  from  that  in  which  a 
candle  has  fpontaneoufly  become  extinguiftied ;  which, 
according  to  this  author,  are  fufficient  facls  to  prove  that 
the  gills  of  thefe  animals  perform  the  fame- functions  of  a 
real  refpiration  as  the  lungs  of  a  man  and  quadrupeds, 
which  extract:  the  oxygen  from  the  atmofphere. 

For  more  fatisfaclory  information  reYpe&ing  the  refpi- 

Davy.  ration  of  fifties,  we  are  indebted  to  Daw;  for,  as  it  has 
been  fuppofed  that  fifties  decompofe  both  water  and  oxy- 
gen gas,  he  made  the  following  experiments  to  afcertain 
the  truth. 

lft  Experiment.  He  expelled,  by  long  boiling,  the 
atmofpheric  air  from  64  cubic  inches  of  fea- water :  he 
then  excluded  it  from  the  air  by  means  of  mercury. 
Having  then  introduced  a  fmall  mullet,  it  was  inftantly 
convulfed,  and  died  in  a  few  minutes. 

2d  Experiment.  A  quantity  of  water  was  freed,  by 
boiling,  of  it's  atmofpheric  air :  two  receivers,  each  of 
the  capacity  of  36  cubic  inches,  were  filled  with  this 
water :  into  one  of  thefe  two  cubic  inches  of  nitrogen 
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were  introduced,  into  the  other  two  of  phos-oxygen.  By 
tang  and  conftant  agitation  the  gafes  were  diflblved  by 
the  water,  which  was  excluded  from  the  contact  of  air 
by  mercury.  Into  each  of  the  receivers  two  minnows 
were  introduced.  Thofe  in  the  water  holding  nitrogen 
in  folution  died  in  about  four  minutes,  thofe  in  the  water 
holding  phos-oxygen,  in  folution  appeared  totally  unin- 
jured, and  when  examined,  after  fome  hours,  were  Hill 
alive  and  healthy. 

3d  Experiment.  The  fame  receivers  ufed  in  the  laft 
experiment  were  filled  with  diftilled  water  freed  from  at- 
mofpheric  air  by  a  fecond  boiling.  Into  each  of  thefe, 
three  cubic  inches  of  phos-oxygen  were  introduced.  The 
receivers  were  then  agitated  for  fome  time,  till  the  water 
in  each  of  them  had  diflblved  an  equal  quantity  of  gas; 
they  were  then  inverted  in  a  trough  of  mercury,  fo  as  to 
exclude  atmofpheric  air  from  them.  Four  minnows  were 
then  conveyed  into  one  of  them  through  mercury.  The 
receivers  were  now  fuffered  to  remain  untouched  for  fix 
hours,  when  they  were  examined.  The  minnows  were 
alive,  and  no  gas  remained  in  the  top  of  the  receiver  in 
which  they  had  refpired.  The  gas  in  the  top  of  the  other 
receiver  remained  nearly  the  fame  as  at  the  commencement 
of  the  experiment.  A  quantity  of  lime-water  was  poured 
into  each  of  thefe  receivers;  in  that  in  which  the  fifties 
had  exifted  there  was  a  very  perceptible  cloudinefs,  occa- 
fioned,  as  Davy  fuppofed,  by  the  formation  of  carbonat 
of  lime ;  in  the  other  there  was  no  perceptible  change. 

From  thefe  experiments  Davy  concludes,  that  the 
venous  blood  in  the  gills  of  fifties  is  phos-oxydated  by  the 
phos-oxygen  held  in  folution  by  water ;  and  that  carbonic 
acid,  and  probably  water,  are  given  out  as  excrementitious 
by  the  venous  blood  in  their  gills.  With  refpecl  to  the 
decompofition  of  water  by  fifties  in  refpirition,  as  there  is 
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no  evidence  of  hydrogen  being  formed,  there  can  be  no 
reafon  for  the  fuppofition. 

Rcfp'iration  *f  1  ■]' ti>. — From  the  much  greater  length- 
of  time  infects  are  capable  of  cxifting  than  other  animals 
in  carbonic  acid  gas,  and,  according  to  Dr.  Prieftley,  in 
air  infected  by  putrid  effluvia,  it  had  been  fuppofed  by 
fomephyfiologiftsthat  this  clafs  of  animals  either  had  the 
power  of  living  a  certain  time  without  breathing,  or  that 
thev  had  not  the  fame  occafion  for  it  as  others  whofe  re- 
fpiration  is  well  underftood.  It  hacl  not  been  confidered, 
that  as  infects,  from  their  habits  of  life,  are  aceuftomed 
to  live  in  places  where  the  air  is  in  a  ftate  of  great  impu- 
ritv,  thev  would  not  be  fo  liable  to  experience  it's  bad 
effects,  as  thofe  who  conftantly  breathe  a  purer  atmo- 
fpherc :  nor  was  it  well  underflood  by  what  means  this 
function  was  carried  on  in  this  moil  numerous  part  of  the 
animal  kingdom. 
Srhccle  and  It  was,  indeed,  a  fa&  acknowledged  by  Scheele  and 
Bergman,  that  infe&s,  the  fame  as  other  animals,  con- 
verted vital  air  into  mephitic  gas  by  the  act:  of  refpiration  ; 
but  no  experiments  of  any  confequenee  had  taken  place 
on  this  lubject  before  thofe  of  Vauquelin,  at  leaft  they 
were  by  no  means  fo  fatisfactory.  It  is  now  well  known 
that,  the  function  of  re fpi ration  is  not  performed  by  the 
month  of  infect:?,  by  which  they  differ  very  much  from 
warm-blooded  animals,  and  that  they  have  not  like  them 
a  pulmonary  organ  into  which  the  blood  paries  to  receive 
the  influence  of  the  air  from  the  atmofphere. 

It  is  now  well  underftood,  that  infe&s  lake  in  this  ele- 
ment bv  means  of  certain  openings  or  holes,  to  which 
entomologies  have  given  the  name  of  (ligmata,  from  their 
refemblancc  to  fo  many  fpots  on  the  furface  of  their  body. 
Thefe  fligmata  are  of  various  forms  \  fometimes  they  are 
round,  (bmetimes  oval,  but  in  general  they  are  lengthened 
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like  a  button-hole.  With  refpect  to  the  number,  it  varies 
according  to  the  nature  and  fize  of  the  animal. 

The  experiments  of  Vauquelin  were  made  on  the  grafs-  Vauquelin* 
hopper  (gryllus  viridiffimu's),  the  red  flug  (limax  flavus), 
and  the  mail  (helix  pomalia  of  Linnaeus).  The  grafs- 
hopptr  has  24  ttigmata  difpofed  in  four  rows,  parallel  and 
exterior  to  the  two  white  lines  placed  longitudinally  on  the 
middle  of  it's  bellv,  and  the  motions  of  infpiration  and 
expiration  are  well  marked.  Vauquelin  found  that  this 
animal  died  immediately  on  being  put  into  fulphureous 
hydrogenous  gas.  In  fix  cubic  inches  of  pure  air  it  exifted 
18  hours,  andvin  eight  of  common  air  36  hours:  he 
found  that  oxygen  gas  was  indifpenfably  neceflfary  to  the 
life  of  this  infecl;  that  as  foon  as  there  no  longer  remains 
any  or  very  little  of  this  gas  in  the  atmofpheric  air,  it 
immediately  dies.  The  atmofpheric  air  in  which  feveral 
had  died  was  found  to  contain  fcarcely  any  remnant  of 
oxygen  gas  :  but  whatever  number  were  fuffered  to 
breathe  until  their  complete  afphixy,  it  was  not  obferved 
that  they  had  entirely  converted  the  vital  air  into  carbonic 
acid ;  they  appeared  conftantly  to  die  before  this  conver- 
sion was  complete.  He  attributes  this  to  the  fenfibility  of 
the  animal  for  the  carbonic  acid  gas,  which  deftroys  it 
when  in  large  proportion  as  well  as  azot  gas. 

The  refpiratory  organs  of  the  red  Jlug  have  not  as  yet 
been  difcovered  by  anatomifts;  but  Vauquelin  looks  upon 
them  to  be  the  lateral  openings  of  this  animal,  which  are 
feen  to  dilate  and  contract.  This  flug,  on  being  put  into 
12  cubic  inches  of  atmofpherical  air,  died  in  48  hours; 
and  not  the  lead  appearance  of  oxygen  gas  was  found 
afterwards,  the  remaining  air  precipitating  lime  water ; 
which  proves  that  itwTas  entirely  converted  into  fixed  air. 
This  chemift  was  much  aftoniflied  to  find  how  completely 
this  animal  had  anal y fed  the  atmofpherical  air,  having 
never  difcovered  the  leaft  trace  of  vital  air  in  the  refiduum 
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of  that  refpired,  when  examined  by  means  of  phofphorus, 
u  Hence,"  fays  he,  "  it  appears  that  worms  have  in  their 
"  refpiratory  organs  a  great  power  of  feparating  the 
€i  oxygen  gas  from  the  particles  of  azot  gas  with  which 
u  it  is  on  all  fides  furrounded,  and  that  they  have  no  oc- 
"  cafion  for  a  large  quantity  of  oxygen  at  one  time;  that 
<c  they  are  able  to  remain  for  fome  time  without  refpi- 
M  ring  in  the  ordinary  way;  and,  thirdly,  that  they  are 
"  not  very  fenfible  to  the  influence  of  carbonic  acid  gas 
u  formed  in  the  refpired  atmofpherical  air,  and  of  the  azot 
"  gas  left  naked."  A  (lug  confumed  in  48  hours  3.36 
inches  of  oxygen  gas,  when  it  immediately  rolled  itfelf 
up,  emitting  from  all  parts  a  milky  liquor,  and  died. 

In  fulphureous  hydrogenous  gas  a  Aug  fhowed  no  figns 
of  life  in  about  half  an  hour;  which  proves  that  worms 
cannot  exift  in  an  elaftic  fluid  containing  no  oxygen  gas, 
although  of  all  animals  they  appear  from  their  manners 
of  life  to  have  the  leaft  occafion  for  it. 

With  refpeel:  to  the  laft  animal,  the  frail,  it  lived  four 
days  in  12  cubic  inches  of  atmofpherical  air.  The  oxy- 
gen of  this  air  was  found  to  be  entirely  abforbed,  or 
deprived  of  it's  natural  principle ;  for  the  axot  gas  re- 
maining did  not  contain  an  atom  of  it,  the  refiduum  like- 
wife  contained  carbonic  acid.  That  the  death  of  this 
animal  was  owing  to  the  want  of  oxygen,  and  not  to  the 
want1* of  food,  he  proved  by  finding  that  others  of  the 
lame  fpecies  were  able  to  live  feveral  months  without  any 
food. 

From  thefe  experiments  it  appears, 

l  ft.  That  infects  and  worms  refpire  oxygen  gas  like 
warm  blooded  animals,  and  that  like  them  they  convert  it 
into  water  and  carbonic  acid. 

2d.  That  this  principle  is  abfolutcly  necelTary  in  their 
refpiration,  and  that  they  die  when  deprived  of  it. 
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3d.  That  every  other  elaftic  fluid,  except  oxygen  gas, 
is  unfit  for  their  refpiration. 

4th.  That  worms,  and  particularly  the  red  Aug  and  the 
efculent  fnail,  appear  to  have  very  extraordinary  refpira- 
tory  powers,  and  very  little  fenfibility  for  the  prefence 
of  carbonic  acid,  fince  they  feparate  all  the  vital  air  from 
the  azot  gas,  and  from  the  carbonic  acid  which  is  formed; 
and  that  they  only  perifh  when  there  no  longer  remains 
any  oxygen  gas. 

5  th.  That  this  property,  Vauquelin  thinks,  may  render 
thefe  laft  animals  very  ufeful  as  an  eudiometer,  by  of- 
fering a  proper  means  of  exactly  feparating  the  oxygen 
gas  from  the  azot  gas,  and  consequently  of  affording  a 
perfect  knowledge  of  the  proportions  of  the  principles 
of  the  atmofpherical  air,  or  of  a  vital  air,  the  degree  of 
purity  of  which  may  be  required. 

Davy  has  discovered,  by  experiments  fimilar  to  thofe  Dav# 
made  upon  fifties,  that  the  zoophytes  have  their  refpira- 
tion governed  by  fimilar  laws;  that  they,  like  fifties,  ab- 
forb  the  phos-oxygen  held  in  folution  by  water,  as  well 
as  portions  of  nitrogen ;  and  thus,  in  their  chemical  at- 
tractions as  well  as  in  their  organic  powers,  they  feem  to 
form  the  connecting  links  between  animals  and  vegetables. 

There  now  remains  to  give  an  account  of  the  experi- 
ments and  conclufions  of  this  laft  author  on  the  nitrous 
oxyd,  and  fome  other  gafes,  which  he  made  upon  him- 
felf  and  various  animals,  forming  a  curious  mafs  of  in- 
formation. 

This  ingenious  experi mental i ft  begins  by  explaining 
the  word  refpirable;  which  term  he  employs  to  denote 
thofe  gafes  capable  of  being  taken  into  the  lungs  by  vo- 
luntary efforts.  On  the  contrary,  nonrefpirabk  gafes, 
when  applied  to  the  external  organs  of  refpiration,  ftimu- 
late  the  mufcles  of  the  epiglottis  in  fuch  a  way,  as  to  keep 
it  perfectly  clofe  on  the  glottis,  which  prevents  the  fmalleft 
L  3 
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particle  of  gas  from  entering  into  the  bronchia,  in  fpite 
of  voluntary  exertions.  One  only  has  the  power  of  uni- 
formly fupporting  life — atmofpheric  air.  Other  gafes, 
when  refpired,  fooner  or  later  produce  death,  but  in 
different  modes.  Some,  as  nitrogen  and  hydrogen,  effect 
no  pofitive  change  in  the  venous  blood.  Animals  im- 
mcrfed  in  thefe  gafes  die  of  a  difeafe  produced  by  privation 
of  atmofpheric  air,  analogous  to  that  occafioned  by  their 
fubmcrfion  in  water  or  nonrefpirable  gafes.  Others,  as 
the  different  varieties  of  hydrocarbonat,  deftroy  life  by 
producing  fome  pofitive  change  in  the  blood,  which  pro- 
bably immediately  renders  it  incapable  of  fupplying  the 
nervous  and  mufcular  fibres  with  principles  effential  to 
fenfibilitv  and  irritability.  Oxygen,  which  is  capable  of 
being  refpired  for  a  much  greater  length  of  time  than  any 
other  gas,  except  common  air,  finallv  deftroy  life;  firft 
producing  changes  in  the  blood,  connected  with  new 
living  a£lion. 

In  making  his  experiments,  Davy  made  ufe  of  a  large 
mercurial  air-holder,  the  invention  of  Clayfield  :  in  it's 
form  it  is  analogous  to  Watt's  hydraulic  bellows,  confid- 
ing of  a  glafs  bell  playing  under  the  prelTure  of  the  atmo- 
fphere,  in  a  fpace  between  two  cylinders  filled  with  mer- 
cury* The  inftrument  was  graduated  to  the  cubic  inch 
of  Everard,  and  furnifhed  with  a  (top-cock. 

To  afcertain  the  changes  effected  by  refpiration,  the 
ftop-cock  having  a  very  large  orifice,  curved  and  flattened 
at  it's  upper  extremity,  formed  an  air-tight  mouth-piece. 
By  accurately  clofing  the  nofe,  and  bringing  the  lips  tight 
on  this  mouth-piece,  after  a  few  trials,  he  was  able  to 
breathe  oxygen  or  common  air  for  two  minutes  or  two 
minutes  and  a  half,  without  any  other  uneafy  feeling  than 
that  produced  by  the  inclination  of  the  neck  and  cheft  to- 
wards the  cylinder  :  but  the  power  of  uniformly  exhaufl- 
jng  the  lungs  and  fauces  to  the  fame  extent,  required  a 
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longer  time.  At  laft,  by  preferving  exactly  the  fame  pof- 
ture,  after  exhauftion  of  the  lungs  before  the  infpiration 
of  the  gas  to  be  experimented  upon,  and  during  it's  com- 
plete expiration,  he  found  he  could  always  retain  nearly 
the  fame  quantity  of  gas  in  the  bronchial,  veffels  and 
fauces,  the  difference  in  the  volume  expired  at  different 
times  never  amounting  to  a  cubic  inch  and  half. 

By  connecting  the  conducting  pipe  of  the  air  holder,  x 
during  the  refpiration  of  the  gas,  with  a  fmall  trough  of 
mercury  by  means  of  a  curved  tube,  it  became  a  perfect 
and  excellent  breathing  machine:  for,  by  exerting  a  cer- 
tain preffure  on  jhe  air  holding  cylinder,  it  was  eafy  to 
throw  a  quantity  of  gas,  after  every  infpiration  or  expira- 
tion, into  tubes  filled  with  mercury  (landing  in  the  trough. 
In  thefe  tubes  it  could  be  accurately  anal  vfed,  and  thus  the 
changes  taking  place  at  different  periods  of  the  procefs 
afcertained.  t      . 

Davy  was  firft  induced  to  the  examination  of  tjiis  gas,  Nitrous 
or  the  dephlogifticated  nitrous  gas  of  Dr.  Prieflley,  from  °x> 
Mitchill's  Theory  of  Contagion,  which  is  looked  upon 
by  the  experimentalift  as  fallacious.  In  1799  he  began 
the  inveftigation  :  but  a  confiderable  time  elapfed  before 
he  was  able  to  procure  the  gas  in  a  (tale  of  purity, 
and  his  firil  experiments  were  made  on  the  mixtures  of 
nitrous  oxyd,  nitrogen,  and  nitrous  gas,  which  are  pro- 
duced during  metallic  folutions.  Dr.  Mitchill  attempted 
to  prove  that  this  gas,  which  he  calls  oxyd  of  fepton,  is 
the  principle  of  contagion  {vide  art.  Miafmata),  and  ca- 
pable of  producing  the  mod  terrible  effects  when  rehired 
by  animals  in 'the  minuted  quantities,  or  even  when  ap- 
plied to  the  fkin  or  mufcular  fibre,  Davy,  however,  or, 
making  a  few  coarfe  experiments  on  fmall  quantities  of 
the  gas  procured  from  zinc  and  diluted  nitrous  acid,  found 
that  wounds  were  expofed  to  it's  action,  and  the  bodies  of 
animals  immerfed  in  it,  without  injury  ;  and  that  he  was 
1,4 
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able  to  breathe  it,  but  with  remarkable  effects.  He  often 
breathed  a  quart  of  it,  or  even  two  quarts,  mingled  with 
more  than  equal  parts  of  oxygen  or  common  air  In  the 
jnoft  decifive  of  thefe  trials,  it's  effects  appeared  to  be 
deprefling,  and  he  imagined  it  produced  a  tendency  to 
faulting;  the  pulfe  was  rendered  flower  under  it's  opera- 
tion. He  then  infpired  the  pure  gas  ;  and  as  it  pafTed 
through  the  bronchia  without  ftimulating  the  glottis,  and 
produced  no  uneafy  feeling  in  the  lungs,  it  proved  the 
nitrous  oxyd  to  be  refpirable. 
Method  of  The  pure  nitrous  oxyd  was  procured  by  the  decompo- 
procuring  £tjon  0f  njtrat  0f  ammonia,  in  a  temperature  not  exceed- 
ing 44o°«  200  grains  of  compact  nitrat  of  ammonia  were 
introduced  into  a  glafs  retort,  and  decompofed  (lowly  by 
the  heat  of  a  fpirit  lamp.  The  firft  portions  were  re- 
jected, and  the  laft  received  in  jars  containing  mercury. 
This  gas,  when  collected,  exhibited  the  following  pro- 
perties : 

a.  A  candle  burnt  in  it  with  a  brilliant  flame  and  crack- 
It's  proper- 
ties.          Jing  noife.     Before  it's  extinction,  the  white  inner  flame 

became  furroundtd  with  an  exterior  blue  one. 

b.  Phofphorus  introduced  into  it  in  a  (late  of  inflam- 
mation burnt  with  infinitely  greater  vividnefs  than  be- 
fore. 

c.  Sulphur  introduced  into  it  when  burning  with  a 
feeble  blue  flame,  was  inftantly  extinguifhed  ;  but  when 
in  a  ftate  of  active  inflammation  (i.  e.  forming  fulphuric 
acid)  it  burnt  with  a  beautiful  and  vivid  rofe  coloured 
flame. 

d.  Inflamed  charcoal  deprived  of  hydrogen  intro- 
duced into  it,  burnt  with  much  greater  vividnefs  than  in 
the  atmofphere. 

e.  Iron  burned  with  great  vividnefs,  and  threw  out 
bright  fparks  as  in  oxygen. 

/.  Thirty  meafures  of  it  expofed  to  water  previoufly 
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boiled  was  rapidly  abforbed :  when  the  diminution  was 
complete,  rather  more  thana  meafure  remained. 

g.  Pure  water  faturated  with  it  gave  it  out  again  on 
ebullition,  and  the  gas  thus  produced  retained  all  it's 
former  properties. 

b.  It  was  abforbed  by  red  cabbage  juice,  but  no  altera- 
tion of  colour  took  place. 

ii  It's  tafte  was  diftin&ly  fweet,  and  it's  odour  flight, 
but  agreeable. 

j.  It  underwent  no  diminution  when  mingled  ^with 
oxygen  or  nitrous  gas. 

After  the  abforption  of  the  nitrous  oxyd  by  water,  there 
remained  another  gas ;  on  examining  which  it  appeared 
reafonable  to  conclude, 

lft.  That  the  refidual  gas  of  nitrous  oxyd  is  air  pre- 
vioufly  contained  in  the  water  (which  in  no  cafe  can  be 
perfectly  freed  from  it  by  ebullition),  and  liberated  by  the 
ftronger  attraction  of  that  fluid  for  nitrous  oxyd. 

2d.  That  nitrat  of  ammonia  at  temperatures  below  440° 
is  decompounded  into  pure  nitrous  oxyd  and  fluid. 

3d.  That  in  afcertaining  the  purity  of  nitrous  oxyd 
from  it's  abforption  by  water,  corrections  ought  to  be 
made  for  the  quantity  of  gas  difpelled  from  the  water; 
this  quantity  in  common  water  diftilled  under  mercury 
being  about  T£  th ;  in  water  Amply  boiled  and  ufed  when 
hot  about  7V-h,  and  in  common  fpring  water  ^th. 

It's  fpecific  gravity;  accounting  for  the  fmall  quantity  of  jt»s  fpfCifia 
common  air  contained  in  it  ($0  cubic  inches  of  it  contain-  £ravuy- 
ing  about  T*Tth  of  common  air,  introduced  from  the  mer- 
curial air  holder  into  an  exhaufted  globe,  which  increafed 
it  in  weight  44. fS  grains,  the  thermometer  being  5Q9 
and  atmofpheric  prefiure  30.7)  ;  was  concluded  to  be  fuch, 
that  100  cubic  inches  weigh  50,1  grains  at  temperature 
50°,  and  at  atmofpheric  prefiure  37. 

■ 
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It  is  compofed  of  oxygen  and  nitrogen  ;  for,  drawing 
conclufions  from  the  quantity  of  carbonic  acid  formed, 
2.5  grains  of  nitrous  oxyd  are  compofed  of  .S2  oxygen, 
and  1 .68  nitrogen  ;  or  100  grains  of  nitrous  oxyd  contain 
37  of  oxygen,  and  63  of  nitrogen.  On  making  expe- 
riments on  the  refpiration  of  nitrous  oxyd  by  warm 
blooded  animals,  it  was  procured  as  above  related,  and 
received  in  large  jars  filled  with  water  previoufly  faturatcd 
with  the  gas.  The  animal  was  introduced  into  the  jar  by 
being  carried  under  the  water,  by  which  it  fufTers  little 
or  nothing  :  after  it's  introduction,  the  jar  was  made  to 
reft  on  a  fhelf  about  half  an  inch  below  the  furface  of  the 
water,  and  the  animal  carefully  fupported  fo  as  to  prevent 
it's  mouth  from  reding  in  the  water.  The  animals  ex- 
perimented upon  were  the  cat,  dog,  rabbit,  guinea  pig, 
moufc,  and  goldfinch. 

In  each  of  thefe  experiments  a  certain  abforption  of 
the  gas  was  always  perceived,  the  water  rifing  in  the  jar 
during  the  refpiration  of  the  animal.  From  thefe  it  ap- 
pears, 

lft.  That  nitrous  oxyd  is  deftru&ive,  when  refpired  for 
a  certain  time,  to  the  warm  blooded  animals,  apparently 
previoufly  exciting  them  to  a  great  extent. 

2d.  That  when  it's  operation  is  Hopped  before  complete 
cxhauftion  is  brought  on,  the  healthy  living  action  is  ca- 
pable of  being  gradually  reproduced,  by  enabling  the  ani- 
mal to  refpire  atmofpheric  air. 

3d.  Exhauftion  and  death  are  produced  in  the  fmall 
animals  by  nitrous  oxyd  fooner  than  in  the  larger  ones, 
and  in  young  animals  of  the  lame  fpecics,  in  a  (hotter 
time  than  in  old  ones. 

He  found  that  animals  live  at  leaft  twice  as  long  in  ni- 
trous oxyd  as  they  do  in  hydrogen  or  water;  confequently, 
there  was  every  reafou  to  fuppofe  from  this  circumuancc 


V4% 

RESPIRATION.  1  15 

alone,  that  their  death  in  nitrous  oxyd  could  not  depend 
on  the  fimple  privation  of  atmofpheric  air  :  but  that  it 
was  owing  to  fome  peculiar  changes  effected  in  the  blood 
by  the  gas. 

The  external  appearance  of  animals  that  have  been  de-  <pndifrec~ 

tion. 

ftroyed  in  nitrous  oxyd  is  very  little  different  from  that 
of  thofe  killed  by  privation  of  atmofpheric  air.  The 
fauces  and  tongue  appear  of  a  dark  red,  and  the  eyes  are 
dull  and  a  little  protruded.  Their  internal  organs,  how- 
ever, exhibit  a  very  peculiar  change  :  the  lungs  are  a  pale 
brown  red,  and  covered  here  and  there  with  purple  fpots; 
the  liver  is  of  a  very  bright  red,  and  the  mufcular  fibre  in 
general  dark.  Both  the  auricles  and  ventricles  of  the 
heart  are  filled  with  blood.  The  auricles  contrail:  for 
minutes  after  the  death  of  the  animal.  The  blood  in  the 
left  ventricle  and  the  aorta  is  of  a  tinge  between  purple 
and  red,  whilft  that  in  the  right  ventricle  is  of  a  dark  co- 
lour, rather  more  purple  than  the  venous  blood.  Thefe 
appearances  are  fimilar  to  thofe  obferved  by  Dr.  Beddoes 
in  animals  that  had  been  made  to  breathe  oxygen  a  great 
length  of  time. 

From  other  experiments  on  the  refpiration  of  mixtures 
of  nitrous  oxyd  and  other  gafes,  and  on  recapitulating 
thofe  before  mentioned,  it  appears, 

1.  That  warm  blooded  animals  die  in  nitrous  oxyd  in-  Recap'uub- 
finitely  fooner  than  in  common  air  or  oxygen  ;    but  not 

nearly  in  fo  fhort  a  time  as'  in  gafes  incapable,  of  effecting 
pofitive  changes  in  the  venous  blood,  or  in  nonrefpirable 
gafes. 

2.  The  larger  animals  live  longer  in  nitrous  oxyd  than 
the  fmaller  ones,  and  young  animals  die  in  it  fooner  than 
old  ones  of  the  fame  fpecies. 

3.  When  animals,  after  breathing  nitrous  oxyd,  are 
removed  from  it  before  complete  exhauftion  has  taken 


place,  they  are  capable  of  being  reftored  to  health  under 
the  action  of  atmofpheric  air. 

4.  Peculiar  changes  are  effected  in  the  organs  of  ani- 
mals by  the  refpiration  of  nitrous  oxyd.  In  animals  de- 
ftroyed by  it,  the  arterial  blood  is  purple  red,  the.  lungs  are 
covered  with  purple  fpots,  both  the  hollow  and  compact 
mufcles  are  apparently  very  irritable,  and  the  brain  is  dark 
coloured. 

5.  Animals  are  deftroyed  by  the  refpiration  of  mix- 
tures of  nitrous  oxyd  and  hydrogen,  nearly  in  the  fame 
time  as  by  pure  nitrous  oxyd  :  they  are  capable  of  living 
for  a  great  length  of  time  in  nitrous  oxyd,  mingled  with 
very  minute  quantities  of  oxygen  or  common  air. 

Amphii>i-  As  it  appeared  that  the  nitrous  oxyd  deftroyed  warm 
euiammaij.  yOQje<j  anima]Sj  by  increafing  the  living  action  of  their 
organs  to  fuch  an  extent  as  finally  to  exhauft  their  irrita- 
bility and  fenfibility  ;  it  was  reafonable  to  conjecture  that 
the  cold  blooded  animals,  poffeflfed  of  voluntary  power 
over  refpiration,  would  fo  regulate  the  quantity  of  nitrous 
oxyd  applied  to  the  blood  in  their  lungs,  as  to  bear  it's 
action  for  a  great  length  of  time.  But  this  conjecture,  on 
experiment,  was  found  to  be  erroneous. 

From  the  experiments  upon  them,  it  appears  that  wa- 
ter lizards,  and  moft  probably  the  other  amphibious  ani- 
mals, die  in  nitrous  oxyd  in  a  much  ihorter  time  than  in 
hydrogen,  or  pure  water;  confequently,  their  death  in  it 
cannot  depend  on  the  fimple  privation  of  atmofpheric  air. 
rifoei.  It  was  expected  that  fifties,  like  amphibious  animals, 

would  have  been  very  quickly  deftroyed  by  the  action 
of  nitrous  oxyd  ;  but  although  water  faturated  with 
nitrous  oxyd  had  no  pofitive  effects  upon  them,  they 
ought,  according  to  Davy,  to  die  in  it  much  fooner  than 
in  water  deprived  of  air  by  ebullition.  From  their  living 
in  it  rather  longer,  it  may  be  concluded,  that  they  are  dc- 
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ftroyed  not  by  privation  of  atmofpheric  air,  but  from  forae 
pofitive  change  effected  in  their  blood  by  the  gas. 

He  had  long  ago  obferved,  that  the  gills  of  fifties  be- 
came rather  of  a  lighter  red  during  their  death  in  the  at- 
mofphere,  and  conjectured  that  the  difeafe  of  which  they 
died  was  probably  hyperoxygenation  of  the  blood  con- 
nected with  highly  increafed  animal  heat.     For  not  only 
is  oxygen  prefented  to  their  blood  in  much  larger  quantities 
in  atmofpheric  air  than  ink's  aqueous  folution*  but  like- 
wife  in  a  ftate  in  which  it  contains,  to  ufe  common  lan- 
guage, much  more  latent  heat.  Without,  however,  lay- 
ing any  ftrcfs  on  this  fuppofition,  he  had  the  curiolity  to 
try  whether  thornbacks  would  live  longeft  in  atmofphe- 
ric air  or  nitrous  oxyd.     In  one  experiment  they  ap- 
peared to  die  in  them  nearly  in  the  fame  time.     In  ano- 
ther, the  fifth  in  nitrous  oxyd  lived  nearly  half  as  long 
again  as  that  in  atmofpheric  air.  The  winged  infects  fur-  Infcft* 
nifhed  with  breathing  holes  became  motionlefs  in  nitrous 
oxyd  very  fpeedily :  being,  however,  poffelfed  of  a  cer- 
tain voluntary  power  over  refpiration,  they  fometimes 
recover,  after  having  been  expofed  to  it  for  fome  minutes, 
under  the  action  of  atmofpheric  air.     A  butterfly  died  in 
nitrous  oxyd  in  fix  minutes ;  in  hydrogen,  in  five  minutes.. 
A  large  fly  became  motionlefs  in  nitrous  oxyd  in  half  a 
minute;  in  hydrogen,  in  a  quarter  of  a  minute;   in  hy- 
dro-carbonat  it  dropped  immediately  fenfelefs.     Flies  live 
much  longer  under  water,  alcohol,  or  oil,  than  in  non- 
refpirable  gafes,  or  gafes  incapable  of  fupporting  life.     A 
certain  quantity  of  air  always  continues  attached  in  the- 
fluid  to  the  fine  hairs  furrounding  their  breathing  holes, 
fufficient  to  fupport  life  for  a  fhort  time. 

Snails  and  earth  worms   live  in  nitrous  oxyd  a  long  SmLk  an4 
wh'Je;  they  die  in  it,  however,  much  (boner  than  in  wa- 
ter or  hydrogen,  probably  from  the  fame  catifes  as  am- 
phibious animals* 


earth 

worms. 
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Having  difcovercd  that  the  nitrous  oxyd  was  refpirable, 
the  next  thing  was  to  inveftigate  the  changes  effected  in 
it  by  the  venous  blood  ;  and  finding  that  the  refidual  gas 
of  nitrous  oxyd,  after  it  had  been  breathed  for  fome  time  in 
filk  bags,  was  chiefly  nitrogen,  the  conjecture  atfirft  was, 
Uiat  the  nitrous  oxyd  was  decompoled  in  refpiration  in  the 
fame  manner  as  atmofpheric  air,  and  it's  oxygen  only 
combined  with  the  venous  blood ':  but  experiments  proved 
the  contrary  ;  for  it  was  found, 
it's  effertt  lit.  That  when  nitrous  oxyd  is  agitated  in  fluid  venou* 
k"od.,K>lJS  blood,  a  certain  portion  of  the  gas  is  abforbed,  whilft  the 
colour  of  the  blood  changes  from  dark  red  to  red  purple. 

2d.  That  during  the  ablbrption  of  nitrous  oxyd  by  the 
venous  blood,  minute  portions  of  nitrogen  and  carbonic 
acid  are  produced,  either  by  evolution  from  the  blood,  or 
from  adecompofition  of  part  of  the  nitrous  oxyd. 

3d.  That  venous  blood  impregnated  with  nitrous  oxyd 
is  capable  of  oxygenation  ;  and,  vice  v*?fa,  that  oxyge- 
nated blood  may  be  combined  with  nitrous  oxyd. 
Changes  in  To  afcertain  accurately  the  changes  efte&ed  in  nitrous 
oxydbyUS  ox>'d  by  refpiration,  a  large  mercurial  air  holder  of  the 
refpuration.  capacity  of  200  cubic  inches  was  ufed.  Whenever  the 
pure  nitrous  oxyd  was  breathed  after  a  complete  volun- 
tary exhaudion  of  the  lungs,  the  pleafurable  delirium  was 
rapidly  produced  ;  and  being  obliged  to  (loop  on  the  cy- 
linder, the  determination  of  blood  to  the  head  from  the 
increafed  arterial  action  in  lefs  than  a  minute  became  fo 
great,  as  often  to  deprive  the  experimentalift  of  voluntary 
power  over  the  mufeles  of  the  mouth.  Hence  he  could 
never  rely  on  the  accuracy  of  any  experiment  in  which 
the  gas  had  been  refpired  for  more  than  three  fourths  of  a 
minute.  He  was  able  to  refpire  the  gas  with  great  accu- 
racy for  more  than  half  a  minute ;  and  in  all  his  experi- 
ments on  the  refpiration  of  this  nitrous  oxyd,  a  very  con* 
fiderablc  diminution  of  gas  always  took  place5  and 'the 
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diminution  was  in   general  apparently  greater  to  the  eye 
during  the  firft  four  or  five  inlpirations. 

The  refidual  jras   of  an  experiment  was  always  exa-  The  refldu- 

01  al  gas  how 

mined  as  follows  :  After  being  transferred  through  mer-  examined, 
cury  into  a  graduated  cylinder,  a  fmall  quantity  of  con- 
centrated folution  of  cauftic  potafh  was  intoduced  into  it, 
where  it  remained  in  contact  fome  hours :  the  diminution 
was  then  noted,  and  the  quantity  of  gas  abforbed  by  the 
potafh  judged  to  be  carbonic  acid.     To  the  remainder 
twice  it's  bulk  of  pure  water  was  admitted ;  and,  after  agi- 
tation and  reft  for  four  or  five  hours' the  abforption  wa3 
noticed,  and  the  gas  abforbed  confidered  as  nitrous  oxyd. 
The  refidual  unabforbable  gas   was  mingled   over  water 
with  twice  it's  bulk  of  nitrous  gas;  and  by  thefe  means  it's- 
compofition,  whether  it  confifted  wholly  of  nitrogen,  or 
of  nitrogen  mingled  with  fmall  quantities  of  oxygen,  as- 
certained. 

From  a  number  of  experiments,  the  following  are  fe- 
le&ed  as  the  mofl  accurate  on  the  refpiration  of  nitrous 
oxyd  : 

1 .  At  temperature  54°,  1 02  inches-  of  nitrous  oxyd 
were  breathed,  'which  contained  nearly  y«th  common  air, 
for  about  half  a  minute,  feven  infpirations  and  feven  ex- 
pirations being  made.  After  every  expiration  an  evident 
diminution  of  gas  was  perceived ;  and  on  the  lafl  full  ex- 
piration it  filled  a  fpace  equal  to  62  cubic  inches. 
Thefe  62,  being  analyfed,  were  found  to  confift  of 

Carbonic  acid 3.2 

Nitrous  oxyd 29.0 

Oxygen 4.1 

Nitrogen 25.7 


62.0 


Hence,  accounting  for  the  two  cubic  inches  of  common 
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air  previouflv  mingled  with  the  nitrons  oxyd,  71  cubi# 
inches  had  difappeared. 

2.  At  temperature  47%  182  were  breathed,  with  2|  of 

atmofpheric  air  of  the  air  holder,  for  40  feconds  — in  all 

eight   refpirations.     The  gas   after    the   lad   expiration 

equalled  1 28  cubic  inches,  which,  on  analyfis,  confifted  of 

Carbonic  acid     ....     5.25 

Nitrous  oxyd 88.75 

Oxygen 5.00 

Nitrogen     29.00 

Confequently  93.25  cubic  inches  had  difappeared  in  this 
experiment.  Hence  nitrous  oxyd  is  rapidly  abforbed  by 
the  venous  blocd  through  the  moift  coats  of  the  pulmo- 
nary veins.  But  as,  after  a  complete  voluntary  exhauftion 
of  the  lungs,  much  refidual  air  muft  remain  in  the  bron- 
chial veflels  and  fauces,  as  appears  from  their  incapability 
of  completely  collapfing,  it  is  evident  that  the  gas  expired 
after  every  infpiration  of  nitrous  oxyd  muft  be  mingled 
with  different  quantities  of  the  refidual  gas  of  the  lungs  ; 
and  after  a  complete  expiration,  much  of  the  unabforbed 
nitrous  oxyd  muft  remain  as  refidual  gas  in  the  lungs. 
Now,  when  a  complete  expiration  is  made  after  the 
breathing  of  atmofpheric  air,  it  is  evident  that  the  refi- 
dual gas  of  the  lungs  confifls  of  nitrogen  mingled  with 
fmall  portions  of  oxygen  and  carbonic  acid,  becaufe  thefe 
products  are  formed  during  the  refpiration  of  common  air, 
and  they  are  the  only  products  found  after  the  refpiration 
of  nitrous  oxyd. 

To  afcertain  whether  thefe  products  were  partly  pro- 
duced during  the  procefs  of  refpiration,  or  whether  they 
were  wholly  the  refidual  gafes  of  the  lungs,  was  found 
extremely  difficult.  The  firft;  however,  is  the  moft  pro- 
bable. 

For  this  pnrpofe  the  author  firft  thought  of  breathing 
nitrous  oxyd  immediately  after  his  lungs  had  been  filled 
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with  oxygen,  and  to  compare  the  produces  remaining  after 
the  full  expiration  with  thofe  produced  after  a  full  expira- 
tion of  pure  oxygen  j  but  this  idea  was  relinquifhed.  He 
attempted  to  infpire  nitrous  oxyd,  after  having  made  two  ; 
infpirations,  and  a  complete  expiration  of  hydrogen  ;  but 
the  effefts  qf  the  hydrogen  were  fo  debilitating,  and  the 
confequent  uimulation  by  the  nitrous  oxyd  fo  great,  as 
to  deprive  him  of  fenfe. 

Though  experiments  on  fucceffive  infpirations  of  pure 
nitrous  oxyd  might  go  fo  far  as  to  determine  whether  or  no 
any  nitrogen,  carbonic  acid,  and  oxygen  wereprodufts  of 
refpiration ;  yet  he  diftin&ly  faw  that  it  was  nnpoffible  in 
this  way  to  afcertain  their  quantities,  fuppofingthem  pro- 
duced, unlefs  he  could  firft  determine  the  capacity  of 
his  lungs,  and  the  different  proportions  of  the  gafes  re- 
maining in  the  bronchial  veffels  after  a  complete  expira- 
tion, when  atmofpheric  air  had  been  refpired.  In  fome 
experiments  (made  on  the  refpiration  of  hydrogen,  to 
determine  whether  carbonic  acid  was  produced  by  the 
combination  of  carbon  loofely  combined  in  the  venous 
blood  with  the  oxygen  refpired,  or  whether  it  was  Amply 
given  out  aS  excrementitious  by  this  blood)  he  found,  with- 
out being  able  to  refolve  the  problem,  that  in  the  refpira- 
tion of  pure  hydrogen,  little  or  no  alteration  of  volume 
took  place  ;  and  that  the  refidual  gas  was  mingled  with 
fome  nitrogen,  and  a  little  oxygen  and  carbonic  acid. 

From  the  comparifon  of  thefe  fa£ts  with  thofe  on  the 
abforption  of  nitrous  oxyd  by  venous  blood,  and  on  the 
effects  produced  upon  animals  by  the  refpiration  of  nitrous 
oxyd,  there  was  every  reafon  to  fuppofe  that  hydrogen  was 
not  abforbed  or  altered,  when  refpired,  but  only  mingled  ,  # 
with  the  refidual  gafes  of  the  lungs. 

Hence,  by  making  a  full  expiration  of  atmofpheric 
air,  and  afterwards  taking  fix  or  feven  refpirations  of 
hydrogen  in  the  mercurial  air-holder,  and  then  making 
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a  complete  expiration,   he  thought  that  the  refidual  gas 

and  the  hydrogen  would  be  fo  mingled,   as  that  nearly 

the  fame  proportions  fhould  remain  in    the   bronchial 

am  veffels  as  in   the  air-holder.    By  afcertaining  thefe  pro- 

thc  capacity  portions,  and  calculating  from  them,  he  hoped  to  be  able 

indbron-     to  afcertain  with  tolerable  exa&nefs  the  capacity  of  his 

thco.mpo-   fauces  and  bronchia,   as  well  as  the  compofition  of  the 

faion  of  the        remaining:  in  them,  after  a  complete  expiration  of 

gasremain-    e  o  *  * 

mginttiem.  common  air. 

Hydrogen. — The  hydrogen  employed  for  this  purpofe 
was  procured  from  the  decompofition  of  water  by  means 
of  clean  iron  filings  and  diluted  fulphuric  and  muriatic 
acids.  It  was  breathed  in  the  fame  manner  as  nitrous 
oxyd,  in  the  large  mercurial  air-holder.  The  difficulty 
of  making  the  experiments  was  great,  from  the  difficulty 
of  breathing  hydrogen  for  half  a  minute  fo  as  to  make  a 
complete  expiration  of  it,  after  a  complete  voluntary  ex- 
hauftion  of  the  lungs.  The  purity  of  the  hydrogen  was 
afcertained  immediately  before  the  experiment  by  the  teft 
of  nitrous  gas,  and  by  detonation  with  oxygen  in  atmo- 
fpheric air :  generally  1 2  meafures  of  atmofpheric  air  were 
fired  with  four  of  the  hydrogen  ;  and  if  the  diminution 
was  to  ten  or  a  little  more,  the  gas  was  judged  pure. 
After  the  experiment,  when  the  complete  expiration  had 
been  made,  and  the  common  temperature  reftored,  the 
volume  of  the  gas  was  noticed,  and  then  a  fmall  quantity 
of  it  thrown  into  the  mercurial  apparatus,  by  means  of 
the  conducting  tube,  to  be  examined.  The  carbonic  acid 
was  feparated  by  folution  of  potafli  or  ftrontian ;  the 
quantity  of  oxygen  afcertained  by  nitrous  gas  of  known 
compofition  j  the  fuperabundant  nitrous  gas  was  abforbed 
by  a  folution  of  muriat  of  iron;  and  the  proportions  of  hy- 
drogen and  nitrogen  in  the  remaining  gas  difcovered  by 
ifttlammation  with  atmofpheric  air  or  oxygen  in  the  de- 
tonating tube  by  the  electric  fpark. 
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I    .  v. 

The  two  following  experiments  on  quantities  of  hy- 
drogen, equal  to  thofe  of  the  nitrous  oxyd,  refpired  in 
the  foregoing  experiments,  are  the  mod  accurate  of 
five. 

Exp.  1.  He  refpired  at  59°,  102  cubic  inches  of  hydro- 
gen, apparently  pure,  for  rather  lefs  than  half  a  minute, 
making  feven  quick  refpirations.  After  the  complete  ex* 
piration,  when  the  common  temperature  was  reftored, 
the  gas  occupied  a  fpace  equal  to  103  cubic  inches  nearly. 
Thefe  analyfed  were  found  to  confift  of 

Carbonic  acid    4.0 

Oxygen       3.7 

Nitrogen     17.3 

Hydrogen       78.0 


103.0 


Now,  as  in  this  experiment  the  gas  was  increafed  in  bulk 
only  a  cubic  inch ;  fuppofing  that  after  the  complete  ex- 
piration the  gas  in  the  lungs,  bronchia,  and  fauces,  was 
of  nearly  fimilar  compolition  with  that  in  the  air-holder, 
and  that  no  hydrogen  had  been  abforbed  by  the  blood,  it 
would  follow  that  24  cubic  inches  of  hydrogen  remained  in 
the  internal  organs  of  refpiration,  and  confequently,  by  the 
rule  of  proportion,  about  7.8  of  the  mixed  refidual  gas 
of  the  common  air.  And  then  the  whole  quantity  of  re- 
fidual gas  of  the  lungs,  fuppofing  the  temperature  59°, 
would  have  been  31.8  cubic  inches;  but  as  it's  tempera- 
ture was  nearly  that  of  the  internal  parts  of  the  body, 
98°,  it  muft  have  filled  a  greater  fpace  ;  calculating  from 
the  experiments  of  Guyton  and  Vernois  (An.  de  Ch.  t.  i. 
p.  979)  about  37.5  cubic  inches. 

From  the  increafe  of  volume,  it  would  appear  that  & 
minute  quantity  of  gas  had  been  generated  during  the  re- 
fpiration ;  and  this  was  moft  probably  carbonic  acid  :  for 
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there  is  no  reafon  to  fuppofe  the  production  of  nitrogen. 
There  is  alfo  reafon  to  fuppofe  that  a  little  of  the  refidual 
oxygen  mud  have  been  abiorbed.  Making  allowances  for 
thufc  circumftances,  it  would  follow  that  the  37.5  cubic 
inches  of  gas  remaining  in  the  lungs  of  the  operator,  after 
a  complete  expiration  of  atmofpheric  air,  animal  heat 
98°,  equal  to  31.3  cubic  inches  at  59°,  were  compo fed 
of 

Nitrogen 24.9 

Carbonic  acid   4.9 

Oxygen     ..........       5.0 

31.8 

Exp.  2.  He  refpired  for  near  a  minute  and  a  half  in  the 
mercurial  air-holder  at  61°,  182  cubic  inches  of  hydrogen, 
making  fix  long  infpirations.  After  the  lafl  expiration, 
the  gas  filled  a  fpace  nearly  equal  to  184  cubic  inches, 
and  analyfed  was  found  to  confift  of 

Carbonic  acid    4.8 

Oxygen      4.6 

Nitrogen    2 1 .0 

Hydrogen      153.6 

184.0 


Now  in  this  experiment,  reafoningas  before,  28.4  cubic 
inches  of  hydrogen  mud;  have  remained  in  the  lungs,  and 
likewife  5.5  of  the  atmofpheric  refidual  gas.  Confe- 
quently,  the  whole  refidual  gas  was  nearly  equal  to  34 
cubic  inches  at  61°,  which  at  98'  would  become  about 
40.4  cubic  inches.  And  it  would  appear  alfo,  that  the 
quantity  of  gas  remaining  in  the  lungs,  after  a  complete 
voluntary  refpiratton,  equalled  at  98°,  about  40  cubic 
inches,  and  at  61°,  34  nearly;  that  after  common  air  had 
been  breathed,  the  34  cubic  inches  confifted  of 
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Carbonic  "acid     4.1 

Oxygen       5.5 

Nitrogen     . . . .' 24.4 


34.0 


It  would  have  been  poffible,  according  to  the  operator,  to 
prove  the  truth  of  the  poftulate  on  which  the  experiments 
were  founded,  by  refpiring  common  air  or  oxygen  after 
the  complete  expiration  of  the  hydrogen,  for  the  fame 
time  as  the  hydrogen  was  refpired,  and  in  equal  quantities. 
For,  if  portions  of  hydrogen  were  found  in  the.  air-holder 
equal  to  thofe  of  the  refidual  gases  in  the  two  experiments, 
it  would  prove  that  a  uniform  mixture  of  refidual  gas, 
with  the  gas  infpired,  was  produced  by  the-refpiration. 
This  mixture,  however,  appeared  fo  evident  from  ana- 
logous facts  as  to  make  the  proofs  unneceflary. 

Indeed,  as  moft  gafes,  though  of  different  fpecific  gra- 
vities, when  brought  into  contact  with  each  other,  aflume 
fome  fort  of  union,  it  is  more  than  probable  that  gas  inr 
fpired  into  the  lungs,  from  being  placed  in  contact  with 
the  refidual  gas  on  fuch  an  extenfive  furface,  muft  in- 
ftantly  mingle  with  it.  Hence,  poffibly  one  deep  infpi- 
ration  and  complete  expiration  of  the  whole  of  a  quantity 
of  hydrogen  of  the  lungs  after  complete  voluntary  ex- 
hauftion,  will  be  fufficient  to  determine  the  capacity  and 
the  nature  of  the  refidual  air. 

That  two  infpi rations  are  fufficient,  appears  probable 
from  the  following 

Exp.  3.  After  a  complete  voluntary  expiration  of  com- 
mon air,  he  made  two  deep  infpirations  of  141  cubic 
inches  of  hydrogen.  After  the  complete  expiration,  they 
filled  a  fpace  equal  to  rather  more  than  142  cubic  inches, 
$nd  analyfed  were  found  to  confifi;  of 
m  3 
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Carbonic  acid    3.1 

Oxygen      4.5 

Nitrogen    18.8 

Hydrogen     115.6 


142.0 


Calculating  from  this  experiment  on  the  exhaufted  capa- 
city of  the  lungs,  fuppofing  uniform  mixture,  they  would 
contain,  after  expiration  of  common  air,  about  30.7  cubic 
inches  at  58°,  equal  to  36  at  98°,  compofed  of  about 

Nitrogen       20.9 

Oxygen 5.8  , 

Carbonic  acid 4.0 


30.7 


It  might  be  fuppofed,  a  priori,  that  in  this  experiment 
much  lefs  of  the  refidual  oxygen  of  the  lungs  muft  have 
been  abforbed,  than  in  experiments  1  and  2;  yet  there  is 
no  very  marked  difference  in  the  portions  evolved.  That 
a  tolerably  accurate  mixture  took  place,  appears  from 
the  quantity  of  nitrogen.  The  fmaller  quantity  of  car- 
bonic acid  is  an  evidence  in  favour  of  it's  evolution  from 
the  venous  blood. 

It  is  reafonable  to  fuppofe  that  the  premire  upon  the 
refidual  gas  of  the  exhaufted  lungs  muft  be  nearly  equal 
to  that  of  the  atmofpherej  but  as  aqueous  vapour  is  per- 
petually given  out  by  the  exhalents,  and  perhaps  evolved 
from  the  moift  coats  of  the  pulmonary  veffels,  it  is  likely 
that  the  refidual  gas  is  not  only  fully  faturated  with 
moifture  at  98°,  but  likewife  impregnated  with  uncom- 
bined  vapour,  and  hence  it's  volume  enlarged  beyond  the 
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increment  of  expanfton  of  temperature.  Confidering  all 
thefe  circumftances,  and  calculating  from  the  mean  of  the 
three  experiments  on  the  compolition  of  the  refidual  gas, 
Davy  concludes — 

ift.  That  the  exhaufted  capacity  of  his  lungs  was  equal 
to  about  41  cubic  inches. 

gd.  That  the  gas  contained  in  the  bronchial  vefTels  and 
fauces,  after  a  complete  expiration  of  atmofpheric  air, 
was  equal  to  about  32  cubic  inches — it's  temperature 
being  reduced  to  55°. 

3d.  That  thefe  32  cubic  inches  were  compofed  of 
about 

Nitrogen, 23.0 

Carbonic  acid, 4.1 

Oxygen,    4.9 


32.0 


In  many  experiments  made  in  the  mercurial  air-holder, 
on  the  capacity  of  the  lungs  under  different  circum- 
ftances, he  found  that  he  threw  out  of  his  lungs,  bv  a 
full  forced  expiration,  at  temperature  from  58°  to  62°, 

Cubic  Inches. 

After  a  full  voluntary  infpiration,  from   189  to  191 

After  a  natural  infpiration,  from 78  to     79 

After  a  natural  expiration,  from 67  to     08 

So  that,  making  the  corrections  for  temperature,  it  would 
appear  that  his  lungs  in  a  ftate  of  voluntary  infpiration 
contained  about  254  cubic  inches ;  in  a  ftate  of  natural 
infpiration  about  135;  in  a  ftate  of  natural  expiration, 
about  118;  and  in  a  ftate  of  forced  expiration  41 .  But 
as  the  exhaufted  capacity,  as  well  as  impleted  capacity, 
of  the  internal  organs  of  refpiration  muft  be  different  in 
different  individuals,  according  as  the  forms  and  fize  of 
their  thorax,  fauces,  and  bronchia  are  different,  it  would 
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be  almoft  ufelefs  to  endeavour  to  afcertain  a  (landing  ca- 
pacity.    It  is,  however,  probable,  that  a  Ratio  exifts  be- 
tween the  quantities  of  air  infpirtd  in  the  natural  and 
forced  infpiration,  thofe  expired  in  the  natural  and  forced 
expiration,  and  the  whole  capacity  of  the  lungs.     If  this 
ratio  were  afcertained,  a  (ingle  experiment  on  the  natural 
infpiration  and   expiration  of  common  air  would  enable 
us  to  afcertain  the  quantity  of  refidual  gas  in  the  lungs  of 
any  individual  after  a  complete  forced  expiration.     The 
operator  is  of  opinion  that  the  capacity  of  his  own  lungs 
is  below  the  medium — his  cheft  being  narrow,  meafuring 
in  circumference  only  twenty-nine  inches,  and, his  neck 
rather  long  and  (lender. 
Comments        Having  thus  afcertained  the  capacity  of  his  lungs,  and 

on  the  ex-  &  .  .       .  . 

pc;iments  the  compofition  of  the  refidual  gas  of  expiration,  it  re- 
fpiration  of  rnained  to  reafon  on  the  experiments  on  the  refpiration  of 
nitrous        nitrous  oxvd. 

oxyd. 

In  experiment  T,  nearly  100  cubic  inches  of  nitrous 
oxyd  (making  the  corrections  on  account  of  the  common 
air)  were  refpired  for  half  a  minute.  In  this  time  they 
were  reduced  to  62  cubic  inches;  which  confided  of  3.2 
carbonic  acid,  29  nitrous  oxyd,  4.1  oxygen,  and  25.7 
nitrogen. 

But,  as  appears  from  the  lad  fe&ion,  there  exifled  in 
the  lungs,  before  the  infpiration  of  the  nitrous  oxyd, 
about  32  cubic  inches  of  gas,  confiding  of  23  nitrogen, 
4.1  carbonic  acid,  and  4.9  oxygen — temperature  being 
reduced  to  59°.  This  gas  mud  have  been  perfectly  min- 
gled with  the  nitrous  oxyd  during- the  experiment;  and, 
confequently,  the  refidual  gas  in  the  lungs,  after  the  ex- 
periment, was  of  the  fame  compofition  as  that  in  the 
air-holder. 

Suppofing  it,  as  before,  to  be  about  32  cubic  inches, 
from  the  rule  of  proportion  ihey  will  be  compofed  of 
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Nitrous  oxyd,  . . 14.7 

Nitrogen,   . IS. 3 

Carbonic  acid, 1.9 

Oxygen,    2.1       , 


32.0 


And  the  whole  quantity  of  gas  in  the  lungs  and  the  air- 
holder,  fuppofing  the  temperature  59°,  will  equal  94  cubic 
inches ;  which  are  compofed  of 

Nitrous  oxyd, 43.7 

Nitrogen, 39.O 

Carbonic  acid, 5.2 

Oxygen,    , 6.1 


94.0 


But,  before  the  experiment,  the  gas  in  the  lungs  and  air- 
hoider  equalled  134  cubic  inches;  and  thefe,  reckoning 
for  the  common  air,  were  compofed  of 

Nitrous  oxyd 100.0 

Nitrogen, 24.3 

Carbonic  acid,   ....       4.1 

Oxygen,.... 5.6 


134.0 


Hence  it  appears,  that  56.3  cubic  inches  of  nitrous  oxyd 
were  abforbed  in  this  experiment,  and  13.7  of  nitrogen 
produced,  either  by  evolution  from  the  blood,  or  decom- 
pofition  of  the  nitrous  oxyd.  The  quantities  of  carbonic 
acid  and  oxygen  approach  fo  near  to  thofe  exifting  after 
the  refpiration  of  hydrogen,  that  there  is  every  reafon  to 
believe  that  no  portion  of  them  was  produced  in  confe- 
quence  of  the  abforption  or  decompofition  of  the  nitrous 
oxyd. 
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In  Experiment  II,  calculating  in  the  fame  manner, 
before  the  firft  infpiration  a  quantity  of  gas,  equal  to 
216.5  cubic  inches  at  47°,  exifted  in  the  lungs  and  air- 
holder;  and  thefe  216.5  were  compofed  of 

Nitrous  oxyd, 182.0 

Nitrogen,    24.9 

Carbonic  acid,    ....       4.1 
Oxygen, 5.5 


216.5 


After  the  complete  expiration,  160  cubic  inches  remained 
in  the  lungs  and  air-holder  ;  which  were  compofed  of 

Nitrous  oxyd, 1 10.6 

Nitrogen,   36.3 

Carbonic  acid,   ....       6.8 

Oxygen,   6.3 

— — ~ — 

160.0 


Hence  it  appears  that  7 1 .4  cubic  inches  of  nitrous 
oxyd  were  abforbed  in  this  experiment,  and  about  12  of 
nitrogen  produced.     The  quantity  of  carbonic  acid  and 
oxygen  is  rather  greater  than  that  which  exifted  in  the 
experiments  on  hydrogen, 
>>rr^r«»         From  thefe  eftimations  he  learned  that  a  fmall  quantity 
during  rr-   of  nitrogen  was  produced  during  the  abforption  of  nitrous 
in'Jirow     oxy^  U1  refpiration.  It  remained  to  determine  whether  this 
•*>•*•         nitrogen  owed  it's  production  to  evolution  from  the  blood, 
or  to  the  decompofition  of  a  portion  of  the  nitrous  oxyd. 
Analogical  evidences  were  not  in  favour  of  the  hypo- 
thefis  of  decompofition.     It  was  difficult  to  fuppofe  that 
a  body  requiring  the  temperature  of  ignition  for  it's  de- 
compofition by  the  moft  inflammable  bodies,  fhould  be 
partially  abforbed  and  partially  decompounded  at  98°  by 
a  fluid  apparently  poflefled  of  uniform  attractions.     It 
was  more  eafy  to  believe  that,  from  the  immenfe quantity 
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of  nitrogen  taken  into  the  blood  in  nitrous  oxyd,  the  fyf- 
tem  foon  became  overcharged  with  this  principle ;  which 
not  being  wholly  expended  in  new  combinations  during 
living  action,  was  liberated  in  the  aeriform  ftate  by  the 
exhalants,  or  through  the  moid  coats  of  the  veins.  If 
the  laft  rationale  were  true,  it  would  follow  that  the  quan- 
tity of  nitrogen  produced  in  refpiration  ought  to  be  in- 
creased in  proportion  as  a  greater  quantity  of  nitrous  oxyd 
entered  into  combination  with  the  blood. 

To  afcertain  whether  this  was  the  cafe,  he  made,  after 
full  voluntary  exhauftion  of  his  lungs,  one  full  voluntary 
infpiration  and  expiration  of  108  cubic  inches  of  nitrous 
oxyd.  After  this  it  filled  a  fpace  nearly  equal  to  99  cubic 
inches;  the  quantities  of  carbonic  acid  and  oxygen  in 
thefe  were  not  determined ;  but  by  the  teft  of  abforption 
by  water,  they  appeared  to  contain  only  18  nitrogen, 
which  is  very  little  more  than  (hould  have  been  given 
from  the  refidual  gas  of  the  lungs.  In  a  fecond  experi- 
ment he  made  two  infpirations  of  108  cubic  inches  of 
nitrous  oxyd  nearly  pure  :  the  diminution  was  to  95.  On 
analyfing  thefe  95,  he  found,  to  his  great  furprife,  they 
contained  only  17  nitrogen.  Hence  he  fufpected  fome 
fource  of  errour  in  the  procefs. 

He. now  introduced  into  a  ftrong  new  filk  bag,  the  fides 
being  in  perfect  contact,  eight  quarts  of  nitrous  oxyd  :  it 
*was  mingled,  from  the  mode  of  introduction,  with  a 
little  common  air,  but  not  Sufficient  to  difturb  the  refults. 
He  then  adapted  a  cork  cemented  to  a  long  curved  tube 
to  his  right  noftril;  the  tube  communicated  with  the  water 
apparatus ;  and  the  left  noftril  being  accurately  clofed, 
and  the  mouth-piece  of  the  filk  bag  lightly  adapted  to  the 
lips,  he  made  a  full  expiration  of  the  common  air  of  his 
lungs,  infpired  nitrous  oxyd  from  the  bag,  and,  by  care- 
fully clofing  the  mouth-piece  with  his  tongue,  expired  it 
through  the  curved  tube  into  the  water  apparatus.     In 
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this  wav  he  made  nine  rcfpirations  of  nitrous  oxyd.  The 
expired  gas  of  the  firft:  refpiration  was  not  preferved  ;  but 
part  of  the  gas  of  the  2d,  3d,  5th,  7th,  and  9th,  were 
caught  in  feparate  graduated  cylinders.  The  2d,  ana- 
Ivfed  by  abforption,  confided  of  about  29  abforbable  gas, 
which  muft  have  been  chiefly  nitrous  oxyd;  and  17  un- 
abforbable  gas,  which  muft  have  been  chiefly  nitrogen  ; 
and  the  3d  of  22  abforbable  gas  and  eight  unabforbable. 
The  fifth  was  compofed  of  27  to  6;  the  7th  of  23  to  7 ; 
and  the  9th  of  26  to  11. 

Though  the  refults  of  thefe  experiments  were  not  fo 
conclufive  as  could  be  wifhed  ;  yet,  comparing  them  with 
thofe  of  the  experiments  on  the  changes  effected  in  ni- 
trous oxyd  by  refpiration,  it  fecmed  reafonable  to  con- 
clude that  the  production  of  nitrogen  was  increafed  in 
proportion  as  the  blood  became  more  fully  impregnated 
with  nitrous  oxyd. 

From  this  concluflon,   compared  with  the  phenomena 
noticed  on  the  abforptionof  nitrous  oxyd  by  venous  blood, 
and  on  the  changes  effected  on  the  organifation  of  warm- 
blooded animals,  by  the  refpiration  of  nitrous  oxyd,  he 
is  induced  to  bplievc  that  the  production  of  nitrogen,  du- 
ring the  refpiration  of  nitrous  oxyd,  is  not  owing  to  the 
decompofition  of  part  of  the  nitrous  oxyd  in  the  aeriform 
ftate  immediately  by  the  attraction  of  the  red  particles  of 
Produ&ion  venous  blood  for  it's  oxygen ;  but  that  it  is  rather  owing 
from'tht"    t0  a  npw  arrangement  produced  in  the  principles  of  the 
pewar-       impregnated  blood  during  circulation  :  from  which,  bc- 

ranRcmcnt  ..       r  ,  .      .  7      . 

in  thepiin-  comingmperiaturated  with  nitrogen,  it  gives  ltout  through 

•^Zsnt the  moift  coats  of  the  vefrds- 

For  if  any  portion  of  nitrous  oxyd  were  decompofed 
immediately  by  the  red  particles  of  the  blood,  the  quan- 
tity of  nirogen  produced  ought  to  be  greater  during  the 
firft  infpirations,  before  thefe  particles  became  fully  com., 
bined  with  condenfed  oxygen.     If,  on  the  contrary,  the 
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whole  of  the  nitrogen  and  oxygen  of  the  nitrous  oxyd 
were  both  combined  with  the  blood  and  carried  through, 
the  pulmonary  veins  and  left  chamber  of  the  heart  to  the 
arteries,  then,  fuppofing  the  oxygen  chiefly  expended  in 
living  action,  whilft  the  nitrogen  was  only  partially  con-' 
fumed  in  new  combinations,  it  would  follow  that  the 
venous  blood  of  animals  made  to  breathe  nitrous  oxyd, 
hyperfaturated  with  nitrogen,  muft  be  different  from 
common  venous  blood  ;  and  there  is  reafon  to  believe 
this  from  the  phenomena,  on  the  changes  effected  in  the 
organifation  of  warm-blooded  animals  by  the  refpiration 
of  nitrous  oxyd. 

Befides  nitrogen,  carbonic  acid  and  water  have  been  Of  the  other 
noticed  to  be  the  products  of  the  refpiration  of  nitrous  carbonic* 

oxyd.  acif  and 

J  #<  ,  water. 

As  nearly  equal  quantities  of  carbonic  acid  are  produ- 
ced, whether  hydrogen  or  nitrous  oxyd  is  refpired,  pro- 
vided the  procefs  is  carried  on  for  the  fame  time,  there  is 
every  reafon  to  believe  that  no  part  of  the  carbonic  acid 
produced  is  generated  from  the  immediate  decompofition 
of  nitrous  oxyd  by  carbon  exifting  in  the  blood  :  hence  it 
muft  be  either  evolved  from  the  venous  blood,  or  formed 
by  the  flow  combination  of  the  oxygen  of  the  refidual  air 
of  refpiration  with  the  charcoal  of  the  blood. 

But  if  it  was  produced  from  the  decompofition  of  refi- 
dual atmofpheric  air,  it  would  follow  that  it's  volume 
muft  be  much  lefs  than  that  of  the  oxygen  of  the  refidual 
air  which  had  difappeared  ;  for  fome  of  this  oxygen  muft 
have  been  abforbed  by  the  blood,  and  during  the  conver- 
fion  of  oxygen  into  carbonic  acid  by  charcoal  a  flight  di- 
minution of  volume  is  produced. 

In  the  experiments  when  nitrous  oxyd  and  hydrogen 
were  refpired  for  half  a  minute,  the  medium  quantity  of 
carbonic  acid  produced^  was  5.6  cubic  inches. 
-   Suppofe  the  quantity  of  carbonic  acid  produced  is  in 
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the  ratio  of  the  oxygen  diminiflied,  and  there  is  every 
i^afon  to  believe  that,  in  the  expiration  of  atmofpheric 
air,  the  expired  air  and  the  refidual  air  are  nearly  of  the 
fame  compofition.  Hence  no  more  carbonic  acid  can  re- 
main in  the  lungs,  or  be  produced  from  the  refidual  gas,/ 
after  the  complete  expiration  of  common  air,  than  that 
which  can  be  generated  from  a  volume  of  atmofpheric 
air  equal  to  the  refidual  gas  of  the  lungs.  This  refidual 
gas,  after  complete  expiration,  equals  at  55°,  32  cubic 
inches,  and  32  cubic  inches  of  common  air  contain  8.6 
cubic  inches  of  oxygen.  But  in  the  experiments  on  the 
refpiration  of  hydrogen,  not  only  5.6  cubic  inches  of  car- 
bonic acid  were  produced,  but  more  than  four  of  refidual 
oxygen  remained  unabforbed. 
Thecnrbc-  Hence  it  appears  impofiible  that  all  the  carbonic  acid 
I-volvcd  could  nave  ueen  produced  by  the  combination  of  charcoal 
through  ihe  in  the  venous  blood  with  refidual  atmofpheric  oxygen  j 
v«flHs.  C  there  is  therefore  every  reafon  to  believe,  that  it  is  wholly 
or  partially  liberated  from  the  venous  blood  through  the 
moift  coats  of  the  veflels.  The  water  carried  out  of  the 
lungs  in  folution,  by  the  expired  gas  of  nitrous  oxyd, 
could  neither  have  been  wholly  nor  partially  formed  by 
the  decompofition  of  nitrous  oxyd.  The  coats  of  the  vef- 
fels  in  the  lungs,  and  indeed  in  the  whole  internal  furface 
of  the  body,  are  always  covered  with  moifture  ;  and  the 
folution  of  part  of  this  moifture  by  the  infpired  heated 
gas,  and  it's  depofition  by  the  expired  gas,  are,  according 
to  Davy,  fufficient  caufes  for  the  appearance  of  the  phe- 
nomenon. There  are  no  reafons  for  fuppofing  that  any 
of  the  refidual  atmofpheric  oxygen  is  immediately  com- 
bined with  fixed  ornafcent  hydrogen,  or  hydrocarbonat, 
in  the  venous  blood,  at  98°,  by  flow  combuftion,  and 
confequently  none  for  fuppofing  that  water  is  imme- 
Thewatcr  diately  formed  in  refpiration.  The  evolution  of  water 
wthe     fr°m  tlie  Veflels  in  the  lungs  is  almoft  certain  from  nu- 
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merous  analogies.     He  found  that  nitrous  oxyd  can  be  vcirf,s  in 

°  J  the  lungs, 

refpired  without  danger  by  man  for  a  much  longer  time 
than  that  required  for  the  death  of  the  fmaller  quadrupeds 
in  it.     He  has  breathed  it  two  or  three  times  in  a  confi- 
derable  ftate  of  purity  for  four  minutes  and  a  quarter, 
and  four  minutes  and  a  half,  and  fomc  difeafed  indivi- 
duals for   five  minutes.     Three  quarts,  h  e.  about  one 
hundred  and  feventy-four  cubic  inches,  are  confumed  fo 
as  to  be  unfit   for  refpiration    by  a  healthy  individual 
with  lungs  of  moderate  capacity  in  about  one  minute  and 
a  quarter;  fix  quarts,  or  348  cubic  inches,  laft  generally 
for  two  minutes  and    half  or   two   minutes  and  three 
quarters ;  eight  quarts,  or  464  cubic  inches,  for  more  than 
three  minutes  and  half;  and  1 2  quarts,  or  696  cubic  inches, 
for  nearly  five.  He  is  inclined  to  believe  that  nitrous  oxyd 
is  abforbed  more  rapidly   after  heavy  meals,  or  during 
(limulation  from  wine  or  fpirits,  than  at  other  times ;  and 
as  it's  abforption  appears  to  depend  on  a  fimple  folution 
in  the  venous  blood,  probably  diminution  of  temperature 
will  increafe  it's  capability  of  being  abforbed.    The  range 
of  the  confumption  of  different  individuals  does  not  ex- 
tend to  more  than  a  pint,  or  30  cubic  inches,  at  the  maxi- 
mum  dofe;  hence  the  medium  of  confumption  is  not  far 
from  two  cubic  inches,  or  about  a  grain  every  fecond,  or 
120  cubic  inches,  or  60  grains,  in  a  minute.  When  ni- 
trous oxyd  is  breathed  in  tight  filk  bags,  towards  the  end 
of  the  experiment,  as  the  internal  furface  becomes  moift, 
a  certain  quantity  of  common  air  penetrates  through  ;  but 
it  is  too  fmail  to  deftroy  any  of  the  effects  of  the  nitrous 
oxyd. 

Having  thus  afcertained  the  abforption  of  nitrous  oxyd  On  there- 
in refpiration,  and  the  evolution  of  nitrogen  and  carbo-  atmospheric 
liic  acid  from  the  lungs,  during  it's  abforption,  he  was  air' 
anxious  to  compare  the  changes  effected  in  this  gas,  with 
thofe  produced  in  nitrous  oxyd  and  oxygen ;  confidering 
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atmofpheric  air  as  a  compound,  in  which  principle's  iden- 
tical with  thofe  in  nitrous  oxyd  exifted,  though  in  dif- 
ferent quantities  and  loofer  combination. 

The  compofition  of  the  atmofpheric  air  before  infpira- 
tion,  and  after  expiration,  was  afcertained  in  the  follow- 
ing manner:  40  meafures  of  it  were  agitated  over  mer- 
cury in  folution  of  cauftic  potafh,  and  here  it  remained 
two  or  three  hours  in  contact.  The  diminution  was 
noted,  and  the  gas  abforbed  judged  to  be  carbonic  acid. 
Twenty  meafures  of  the  gas,  freed  from  carbonic  acid, 
were  mingled  with  30  of  nitrous  gas,  in  a  tube  of  five 
inches  diameter;  they  were  not  agitated,  but  fuffered  to 
reft  an  hour  or  an  hour  and  half,  when  the  volume  occu- 
pied by  them  was  noticed;  and  50 — m  the  volume  oc- 
cupied, divided  bv  three,  confidered  as  the  oxygen  x>  and 
20 — x  confidered  as  the  nitrogen.  When  they  are  agtta- 
ted  a  greater  proportion  of  nitrous  gas  is  abforbed  and 
condenfed  in  the  nitric  acid  by  the  water ;  and  to  find  the 

50— -m  50— w 

oxygen  *=-  —  or-^- 

Exp.  ] .  To  afcertain  the  changes  effected  in  atmo- 
fpheric air  by  (ingle  infpi rations,  he  made  after  a  com- 
plete voluntary  exhauftion  of  his  lungs,  at  temperature 
6l°,  one  infpiration  and  expiration  of  141  cubic  inches  of 
this  air.  After  expiration  they  filled  a  fpace  equal  to  139 
cubic  inches.     Thefe  analyfed  were  found  to  confift  of 

Nitrogen 101 

Oxygen    32 

Carbonic  acid  . .  6 
The  141  cubic  inches  before  refpiration  were  com- 
pofed  of  103  nitrogen,  1  carbonic  acid,  and  37  oxygen. 
The  time  taken  to  perform  the  infpiration  and  full  expi- 
ration was  a  quarter  of  a  minute.  He  repeated  this  ex- 
periment feven  or  eight  times,  and  the  quantity  of  oxygen 
abforbed  was  generally   from  five  to  fix  cubic  inches ; 
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the  carbonic-acid  formed  from  five  to  5.5,.,  and  the  quan- 
tity of  nitrogen  apparently  diminiflicd  from  one  to  three 
cubic  inches. 

Exp.  2.  After  a  voluntary  expiration  of  common  air, 
he  made  one  infpiration  and  full  expiration  of  100  cubic 
inches  of  atmofpheric  air.  It  was  diminimed  nearly  to 
98  J  or  99  cubic  inches,  and,  analyfed,  was  found  to  con- 
lift  of 

Nitrogen     71.7 

Oxygen     22.5 

Carbonic  acid  .....  4*5 
This  was  repeated  four  or  five  times  with  little  dif- 
ference of  refult,  and  there  always  feemed  to  be  a  fmall 
diminution  of  nitrogen.  He  found  he  took  into  his  lungs 
at  every  natural  infpiration  13  cubic  inches  of  air,  and 
threw  out  at  every  expiration  rather  lefs,  or  about  12| 
cubic  inches. 

The  mean  compofition  of  the  13  cubic  inches  of  air 
infpired  was 

Nitrogen g.5  cubic  inches 

Oxygen     ........  3.4 

"Carbonic  acid    ...  0.1 
That  of  the  12.7  of  air  expired 

Nitrogen 9.3  cubic  inches 

Oxygen     2.2 

Carbonic  acid  ....  1.2 
Thefe  remits  he  gained  from  more  than  20  experi- 
ments, which  (how  their  accuracy.  He  made  about  26 
or  27  natural  infpirations  a  minute.  So  that,  calculating 
from  the  above  eftimations,  it  follows,  that  3  K6  cubic 
inches  of  oxygen  were  confumed,  and  5.2  cubic  inches 
of  nitrogen  loft  in  refpiration  every  minute,  whilft  26.6* 
cubic  inches  of  carbonic  acid  were  produced. 

To  collect  the  produces  of  a  great  number  of  natural 
expirations,  fo  as  to  afcertain  whether  their  compofition 
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correfponded  with  the  above  accounts,  he  fattened  his  lips 
tight  on  the  mouthpiece  of  the  exhausted  airholder,  and, 
fuffering  his  noftrils  to  remain  open,  infpired  naturally 
through  them,  throwing  the  expired  air  through  his 
mouth  into  the  airh older. 

In  many  experiments,  he  found  that  in  about  half  a 
minute  he  made  in  this  way  14  or  15  expirations.  The 
mean  quantity  of  air  colle&cd  was  171  cubic  inches,  and 
confuted  of 

Nitrogen    ........  128  cubic  inches 

Oxygen 29 

Carbonic  acid    ....     14 
On  comparing  thefe  refults  with  the  former  ones,  the 
mean  quantities  of  air  refpired  in  equal  times  are  rather 
lefs;  but  the  proportions  of  carbonic  acid,  nitrogen,  and 
oxygen,  in  the  refpired  air,  nearly  identical. 

To  afcertain  the  changes  effected  in  a  given  quantity 
of  atmofpheric  air  by  continued  refpirations,  he  breathed, 
after  a  complete  expiration,  at  temperature  63°,  161 
cubic  inches  of  air  for  near  a  minute,  making  19  deep  in- 
fpirations.  After  the  complete  expiration,  the  gas  filled 
a  fpace  nearly  equal  to  152  cubic  inches,  fo  that  nine  cu- 
bic inches  of  gas  had  difappeared. 

The  152  cubic  inches,  analyfed,  were  found  to  confift  of 

Nitrogen 1 1 1.6  cubic  inches 

Oxygen,    23. 

Carbonic  acid  ....     17.4 
The  161    cubic  inches  before  infpiration  were  com- 
pofed  of 

Nitrogen   1 1 7.0  cubic  inches 

Oxygen     42.4 

Carbonic  acid  ....       1.6 
But  the  refidual  gas  in  the  lungs,  before  the  experiment, 
was  of  different  com pofition  from  that  remaining  in  the 
lungs  after  the  experiment.     It  appears,  therefore,  after 
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making  proper  corrections,  that  about  5.1  of  nitrogen 
were  abforbed  in  refpiration,  23.9  of  oxygen  confumed, 
and  12  of  carbonic  aeid  produced.  This  e  periment  was 
repeated  three  times  with  fimilar  remits,  and  the  refidual 
gas  of  fimilar  compofition.  So  that,  fuppofing  the  exift- 
ence  of  no  fource  of  error  in  the  experiments,  from  which 
the  quantity  and  compofition  of  the  refidual  gas  of  the 
lungs  were  eftimated,  the  abforption  of  nitrogen  as  Prieft- 
ley  had  fufpecled,  by  venous  blood,  appears  demonftrated. 
To  compare  the  changes  effected  in  atmofpheric  air  by 
refpiration  of  the  fmaller  quadrupeds  with  the  above,  he 
introduced  into  a  20-cubic-inch  jar,  filled  with  mercury 
in  the  mercurial  trough,  15  cubic  inches  of  atmofpheric 
air,  deprived  of  it's  carbonic  acid  by  long  expofure  to  fo- 
lution  of  potafh.  Temperature  being  64°,  a  healthy 
fmall  moufe  was  quickly  paffed  under  the  mercury  into 
the  jar.  He  continued  nearly  49  minutes  without  ap- 
parently fuffering,  at  20  minutes  he  lay  on  his  fide,  and 
in  55  minutes  was  apparently  dying,  but  expofed  to  the 
warmth  of  a  fire  recovered.  The  gas  in  the  jar  filled  a 
fpace  nearly  equal  to  14  cubic  inches  ;  fo  that  a  diminu- 
tion of  a  cubic  inch  had  taken  place.'  Thefe  14  cubic 
inches,  analyfed,  confifted  of  « 

Carbonic  acid   ....     2.0  cubic  inches 
*         Oxygen     1.4 

Nitrogen    10.6 

The  15  cubic  inches  before  the  experiment  confifted  of 

Oxygen 4  cubic  inches 

Nitrogen     11 

Hence  2.6  cubic  inches  of  oxygen  had  been  confumed, 
two  cubic  inches  of  carbonic  acid  produced,  and  about 
0.4  of  nitrogen  loft.  The  relation,  therefore,  between  the 
quantities  of  oxygen  confumed,  and  carbonic  acid  pro- 
duced, are  nearly  the  fame  as  thofe  in  the  former  experi- 
ments j  but  the  quantity  of  nitrogen  loft  is  much  fmaller. 

N  2 


ot  oxygen. 
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Refpir^tion  The  gafes  before  and  after  refpiration  were  analyfed  in 
thefe  experiments  as  in  the  laft,  except  that  three  of  ni- 
trous gas  were  always  employed  to  one  of  oxygen. 

Exp.  1 .  At  temperature  53°.  after  a  full  forced  expira- 
tion he  refnired  in  the  mercurial  airhokler,  for  half  a  mi- 
nute, 102  cubic  inches  of  oxygen,  making  feven  long  and 
deep  infpirations.  After  the  complete  expiration,  the 
gafes  filled  a  fpace  equal  to  93  cubic  inches  :  thefe  03, 
analyfed,  confifted  of 

Carbonic  acid   ....     5. 9  cubic  inches 

Nitrogen    33.8 

Oxygen    53.3 

The  102  cubic  inches  before  the  experiment  were 
compofed  of 

Oxygen    78  cubic  inches 

Nitrogen    24 

The  refidual  gas  in  the  lungs,  before  the  experiment, 
was  32  cubic  inches,  and  compofed  of  23  nitrogen,  4.1 
carbonic  acid,  and  4.9  oxygen.  The  refidual  gas,  after 
expiration,  of  18.2  oxygen,  two  carbonic  acid,  and  11.8 
nitrogen. 

Hence  the  whole  of  the  gas  in  the  lungs  and  airhokler 
before  infpiration  was  134  cubic  inches,  compofed  of 

Oxygen     82.9  cubic  inches 

Nitrogen    4/.0 

Carbonic  acid    ...     4.1 
and  after  refpiration,  125  cubic  inches,  confiding  of 

Oxygen 71.5  cubic  inches 

Nitrogen     45.6 

Carbonic  acid  ...  7.9 
fo  that,  comparing  the  quantities,  it  appears  that  11.4  of 
oxygen,  and  1.4  of  nitrogen,  were  confumed  in  this  ex- 
periment, and  3.8  of  carbonic  acid  produced.  He  was 
furprifed  at  the  fmall  quantity  of  oxygen  confumed,  being 
lefs  than  that  during  the  refpiration  of  atmofpheric  air 
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for  half  a  minute  :  the  portion  of  carbonic  acid  evolved 
was  fmaller. 

Exp.  2.  He  refpired  at  the  fame  temperature,  after  a 
full  expiration,  162  cubic  inches  of  gas,  compofed  of 
133  ozygen,  and  29  nitrogen,  for  two  minutes.  After 
the  experiment  they  were  equal  to  123  cubic  inches.  On 
analyfis  it  appeared,  that  57  cubic  inches  of  oxygen,  and 
two  of  nitrogen,  had  been  abforbed,  whilft  21  cubic 
inches  of  carbonic  acid  had  been  formed.  It  appears,  Compara- 
therefore,  from  the  enimations  in  the  laft  feftion,  that  63  tlvecon- 

■  »  im    lion  of 

cubio  inches  of  oxygen  are  con  fumed,  and  about  52  cubic  atmofpheric 
inches  of  carbonic  acid  produced,  every  two  mmutes,  gen. 
during  the  natural  refpiration  of  common  air.  So  that 
fix  cubic  inches  lefs  of  oxygen  are  abforbed,  and  30  cubic 
inches  lefs  of  carbonic  acid  produced,  every  minute,  when 
oxygen  nearly  pure  is  refpired  than  when  atmofpheric  air 
is  refpired. 

To  afcertain  the  comparative  confumption  of  atmo- 
fpheric  air  and  oxygen,  by  the  fmaller  quadrupeds,  he     . 
procured  two  healthy  mice. 

Exp.  3.  One  was  introduced  into  a  jar,  containing 
10|  cubic  inches  of  oxygen,  and  three  cubic  inches  of 
nitrogen,  and  made  to  reft  on  a  bit  of  cheefe.  The  other 
was  introduced  into  a  jar  containing  15^  cubic  inches  of 
atmofpheric  air.  In  the  firll  it  fuffered  in  half  an  hour, 
and  was  dying  in  one  hour.  The  jars  were  often  agi- 
tated, that  the  gafes  might  be  well  mingled.  The  moufe 
in  the  atmofpheric  air  was  feeble  in  40  minutes,  and  in 
50  unable  to  ftand. 

The  gas  in  the  oxygen  jar  filled  a  fpace  equal  to  12.7 
cubic  inches,  and,  analyfed,  confided  of  1.7  carbonic 
acid,  2.6  nitrogen,  and  8.4  of  oxygen..  So  that  2.1  cubic 
inches  of  oxygen  had  been  confumed,  and  0.4  of  nitro- 
gen, and  1.7  of  carbonic  acid  produced. 

The  gas  in  the  atmofpheric  jar  was  diminifhed  nearly 
N3 
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to  14.4,  and  confifted  of  2.1  carbonic  acid,  1.4  oxygen, 
and  10.9  nitrogen.  So  that  2.7  of  oxygen,  and  five  of 
nitrogen  had  been  confumed,  and  2.1  of  carbonic  acid 
produced. 

It  app'ears  therefore  that  the  moufe  in  atmofpheric  air 

confumed  nearly  one  third  more  oxygen,  and  'produced 

nearly  a  quarter  more  carbonic  acid  in  55  minutes  than 

the  other  in  an  hour  and  a  quarter  in  oxygen. 

On  the  From  the  experiments  of  Cigna  and    Prieftley,   the 

feaed  m"  coagulum  of  the  venous  blood  becomes  florid  at  it's  fur- 

tfie^biood     face  w|len  eXpofed  to  the  atmofphere,   though  covered 

fpheric  air   and  defended  from  the  immediate  contact  of  the  air  by  a 


and  oxygen. 


very  dark  ftratum  of  ferum.  Hence  ferum  is  capable  of 
diflolving  either  the  whole  compound  atmofpheric  air,  or 
it's  oxygen.  Suppofing  it  diflblves  the  whole,  it  follows, 
that  the  colouring  of  the  coagulum  of  blood  under  ferum 
depended  on  the  decompofition  of  the  atmofpheric  air 
condenfed  in  the  ferum  ;  it's  oxygen  combining  with  the 
red  particles  and  the  nitrogen,  either  remaining  diflblved 
in  the  fluid,  or  being  liberated  through  it  into  the  atmo- 
fphere ;  for  the  circulating  blood  confifts  of  red  particles, 
floating  in  and  diffufed  through  ferum  and  coagulable 
lymph.  In  natural  refpiration,  the  red  particles  are  ren- 
dered of  a  brighter  tinge  during  the  paflage  of  the  blood 
through  the  pulmonary  veins  :  and,  as  before  feen,  dur- 
ing refpiration,  atmofpheric  air  is  decompofed,  all  the 
oxygen  of  it  confumed,  apparently  a  fmall  proportion  of 
the  nitrogen  loft,  and  a  confiderable  quantity  of  carbonic 
acid  produced. 

Moft  probably,  the  whole  compound  atmofpheric  air, 
paffmg  through  the  moift  coats  of  the  veflels,  is  firft  dif- 
folved  by  the  ferum  of  the  venous  blood,  and  in  \fs  con- 
denfed iUite  decompofed  by  the  affinity  of  the  red  particles 
for  it's  oxygen,  the  greater  part  of  the  nitrogen  being 
liberated  unaltered,  but  a  minute  portion  of  it  poflibly  re- 
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maining  condenfed  in  the  ferum  and  coagulable  lymph, 
and  pafling  with  them  into  the  left  chamber  of  the 
heart. 

From  the  experiments  on  the  refpiration  of  nitrous 
oxyd  and  hydrogen,  it  appears  that  a  certain  portion  of 
the  carbonic  acid  produced  is  evolved  from  the  venous 
blood  ;  but,  as  a  much  greater  quantity  is  generated  dur- 
ing the  refpiration  of  common  air  and  oxygen  than  dur- 
ing that  of  hydrogen  in  equal  times,  it  is  not  impoffible  but 
that  fome  portion  of  it  may  be  formed  by  the  combina- 
tion of  charcoal  in  the  red  particles  with  the  oxygen  dif- 
folved  in  the  ferum. 

Suppofing  that  no  part  of  the  water  evolved  in  folution 
by  the  expired  gas  of  common  air  is  formed  immediately 
in  refpiration,  it  will  follow  that  a  very  confiderable 
quantity  of  oxygen  muft  be  conftantly  combined  with  the 
red  particles,  even  allowing  the  confumption  of  a  certain 
portion  of  it  to  form  carbonic  acid  ;  for  the  carbonic  acid 
evolved  rarely  amounts  to  more  than  three-fourths  of  the 
volume  of  the  oxygen  confumed.  Perhaps  the  ferum  is 
capable  of  diflolving  a  larger  quantity  of  atmofpheric  air 
than  of  pure  oxygen. 

It  therefore  appears  that  nitrous  oxyd,  when  refpired  by  Obferv?.- 
animals,   produces  peculiar  changes  in  their  blood  and  refpiration 
in   their    organs,   fir  ft  connected  with    jncreafed  living  ^c™trou* 
a&ion,  but  terminating  in  death $  that  it  is  rapidly  ab-r 
forbed  by  the  circulating  venous  blood,  and  of  courfe  it's 
condenfed  oxvsren  and  nitrogen  diftributed  in  the  blood 
over  the  whole  of  the  fyftem. 

He  could  breathe  nine  quarts  of  nitrous  oxyd  for  three 
minutes,  and  twelve  for  rather  more  than  four,  but  could 
never  breathe  it  in  any  quantity  fo  large  as  five^  When 
it's  operation  was  carried  to  the  higheft  extent,  the  plear 
furable  thrilling  about  it's  height  about  the  middle  of  the 
experiment  gradually  diminished,  the  fenfe  of  preffure  on 
n  4 
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the  mufcles  was  loft,  impreftions  ceafed  to  be  perceived, 
voluntary  power  deftroyed,  and  the  mouthpiece  generally 
dropped  from  his  unclofed  lips. 

He  made  fome  experiments  to  afcertain  the  analogy 
that  exifted  between  the  feniible  effects  of  the  different 
gafes,  which  are  fooner  or  later  fatal  to  life  when  refpired, 
and  thofe  of  nitrous  oxyd. 

Hydrogen.  P"re  hydrogen  had  been  often  refpired  by  different  phi- 
losophers, particularly  by  Scheele,  Fontana,  and  Rofier. 
Davy  refpired  four  quarts  of  it,  nearly  pure,  produced 
from  zinc  and  muriatic  acid,  for  near  a  minute;  his 
lungs  being  previoufly  exhaufted,  and  his  noftrils  care- 
fully clofed.  The  firft  fix  or  feven  infpirations  produced 
-  no  fenfations  whatever ;  in  half  a  minute  his  cheft  was 
oppreffed,  which  gradually  increafed  until  ihe  pain  of 
fuffocation  obliged  him  to  leave  off.  He  felt  no  giddi- 
nefs,  his  pulfe  was  feebler  and  quicker,  and  his  cheeks 
at  laft  became  purple.  When  the  hydrogen  was  procured 
from  iron  and  diluted  vitriolic  acid,  he  was  unable  to  re- 
fpire  three-fourths  of  a  minute;  giddinefs  and  debility 
were  produced,  the  pulfe  feeble,  and  the  fuffocation 
greater  than  before. 

Nitrogen.  He  breathed  three  quarts  of  nitrogen,  mingled  with  a 
very  fmall  portion  of  carbonic  acid,  for  near  a  minute. 
It  produced  no  alteration  for  twenty  feconds ;  then  the 
fenfe  of  fuffocation  gradually  came  on,  and  increafed 
rapidly  the  laft  quarter  of  the  minute,  fo  as  to  compel 
him  to  deli  ft.  The  pulfe  was  feebler  and  quicker.  The 
head  not  affected. 

Hydr  -car-  Watt's  obfervations  on  the  refpiration  of  diluted  hydro- 
carbonat  by  men,  and  Dr.  Beddoes'  experiments  on  ani- 
mals by  pure  hydro-carbonat,  proved  it's  effects  to  be 
highly  deleterious.  D&vy  breathed  for  near  a  minute 
three  quarts  of  it  mingled  with  nearly  two  quarts  of  at- 
mofpheric  air,  which  hud  never  been  breathed  fo  little 
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diluted  before,  It  produced  a  flight  giddinefs  and  pain  in 
the  head,  and  a  momentary  lofs  of  voluntary  power.  He 
then  refolved  to  breathe  pure  hydro-carbonat :  for  this 
purpofe,  he  introduced  into  a  filk  bag  four  quarts  of  gas, 
nearly  pure,  produced  from  the  decompofition  of  water 
by  charcoal  an  hour  before,  and  which  had  a  ftrong  and 
difagreeable  fmell.  After  a  forced  exhauftion  of  the 
lungs,  and  the  nofe  being  accurately  clofed,  he  made 
three  infpirations  and  expirations.  The  firft  produced  a 
fort  of  nunibnefs  and  lofs  of  feeling  in  the  cheft,  and  about  «-. 
the  pectoral  mufcles.  After  the  fecond  infpiration  he  loft 
all  power  of  perceiving  external  things,  and  had  no  dif- 
tinct  fenfation,  except  a  terrible  oppreffion  on  the  cheft.  • 
During  the  third  expiration  this  feeling  difappeared,  and 
he  feemed  finking  into  annihilation,  and  had  juft  power 
enougn  to  drop  the  month-piece  from  his  unclofed  lips. 
He  was  very  ill  and  feeble  after.  He  thinks  it  proves 
that  hydro-carbonat  acts  as  a  fedative ;  /.  e.  it  produces 
diminution  of  vital  action  and  debility,  without  previoufly 
exciting.  He  thinks  four  or  five  inipi rations  inftead  of 
three  would  have  deftroyed  life  immediately,  without 
producing  any  painful  fenfation. 

He  attempted  to  refpire  carbonic  acid,  not  being  then  Carbonic 
acquainted  with  the  experiments  of  Rofier :  he  intro- 
duced into  a  filk  bag  four  quarts  of  well  warned  carbonic 
acid,  produced  from  carbonat  of  ammonia  by  heat 
(which  is  in  a  high  ftate  of  purity,  and  readily  effected), 
and  after  a  complete  voluntary  exhauftion  of  his  lungs 
attempted  to  infpire  it.  It  produced  a  fenfe  of  burning  at. 
the  top  of  the  uvula.  It  was  in  vain  to  make  voluntary 
efforts  to  inhale  it ;  at  the  moment  the  epiglottis  was  raifed 
a  little,  a  painful  ftimulation  was  induced,  fo  as  to  clofe 
it  fpafmodically  on  the  glottis.  Thus,  after  repeated  trials, 
Jie  was  prevented  from  taking  a  fingle  particle  of  carbonic 
acid  into  the  lungs. 
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He  tried  to  breathe  a  mixture  of  two  quarts  of  common 
air  and  three  of  carbonic  acid,  without  fuccefs,  it  being 
nonrefpirable.  He  found  a  mixture  of  three  quarts  of 
carbonic  acid  with  feven  of  common  air  to  be  rcfpirable, 
and  breathed  it  for  near  a  minute.  It  produced  a  flight 
giddinefs  and  inclination  to  deep.  They  however  rapidly 
difappeared  after  ceafing  to  refpire  it.  Carbonic  acid 
potteries  no  action  on  arterial  blood  :  hence  perhaps  it's 
flight  effects  when  breathed,  mixed  with  large  quantities 
of  common  air.  It's  effects  are  very  marked  upon  venous 
blood. 

Oxygen.  The  oxygen  was  procured  from  manganefe  by  heat. 

In  refpiring  eight  or  ten  quarts,  for  the  firfl  two  or  three 
minutes,  he  perceived  no  effect.  Towards  the  end  his 
refpiration  became  oppreffed,  and  he  felt  a  fenfation  as  if 
he  wanted  frefh  air,  though  but  little  of  the  oxygen  had 
been  confumed.  In  one  experiment,  when  he  breathed 
from  and  into  a  bag  containing  twenty  quarts  of  oxygen  for 
near  fix  minutes,  his  pulfe  was  not  altered  in  velocity, 
but  rather  harder  than  before.  He  perceived  no  effects 
but  thofe  of  oppreflion  on  the  cheft:.  Watt  had  fufpectcd 
fhat  the  effects  attributed  to  oxygen  produced  from  man- 
ganefe by  heat,  in  fome  meafure  depended  upon  nitrous 
acid,  fufpended  in  the  gas  formed  during  ignition  by  the 
union  of  the  oxygen  of  the  manganefe,  with  nitrogen 
likewife  condenfed  in  it;  and  in  the  courfe  of  his  experi- 
ments on  nitrous  acid,  Davy  feveral  times  experienced 
a  fevere  oppreflion  on  the  cheft  and  difficulty  of  refpira- 
tion, not  unanalogous  to  that  produced  by  oxygen,  but 
more  violent ;  which  feems  to  confirm  Watt's  fufpicion. 

Nitrous  ga*.  Being  refolved  to  endeavour  to  breathe  the  nitrous  gas, 
he  introduced  1 14  cubic  inches  of  it  into  a  large  mercurial 
airholder:  two  fmall  filk  bags  of  the  capacity  of  (even 
quarts  were  filled  with'  nitrous  oxyd.  After  a  forced  ex- 
hauftiou  of  his  lungs,   his  nofe  accurately  clofed,  he 
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made  three  infpirations  and  expirations  of  nitrous  oxyd 
in  one  of  the  bags,  to  free  his  lungs'  as  much  as  poflible 
from  atmofpheric  oxygen  ;  then  after  a  full  expiration  of 
the  nitrous  oxyd,  he  transferred  his  mouth  from  the 
mouthpiece  of  the  bag  to  that  of  the  airholder,  and 
turning  the  flop-cock,  attempted  to  infpire  the  nitrous 
gas.  In  pafling  through  his  mouth  and  fauces  it  tafted 
aftringent  and  highly  difagreeable,  caufed  a  fenfe  •  of 
burning  in  the  throat,  and  a  fpafm  of  the  epiglottis  fo 
painful  as  to  oblige  him  immediately  to  defift.  After  mov- 
ing his  lips  from  the  mouthpiece  which  he  opened  to  in- 
fpire common  air,  aeriform  nitrous  acid  was  inftantly 
formed  in  his  mouth,  which  burnt  the  tongue  and  palate, 
and  inflamed  the  mucous  membrane.  He  never  intends 
a*gain  to  attempt  fo  rafh  an  experiment. 

He  frequently  refpired  nitrous  oxyd  mingled  with  dif-  Moftexten- 
ferent  proportions  of  common  air  or  oxygen,  and  the  ofnitrous 
effects  produced  bv  the  diluted  sms  were  much  lefs  violent  °x>'d  vru~ 

1  J  °^  duces  no 

than  thofe  produced  by  pure  nitrous  oxyd.     They  were  debility, 
generally  pleafant,  the  thrilling  was  not  often  perceived, 
but  a  fenfe  of  exhilaration  was  almoft  conftant. 

Immediately  after  a  journey  of  1 26  miles,  being  much 
exhaufted  from  having  had  no  deep  the  preceding  night, 
he  refpired  feven  quarts  of  nitrous  oxyd  for  near  three 
minutes.  It  produced  the  ufual  pleafurable  effects.  He 
continued  exhilarated  for  fome  minutes  afterwards,  and  in 
half  an  hour  found  himfelf  neither  more  or  lefs  exhaufted 
than  before  the  experiment :  he  had  a  great  propenfity  to 
fleep.  He  repeated  the  experiment  four  or  five  times  the 
following  week  with  the  fame  effect.  He  had  experienced 
no  decifive  exhauftion  after  the  excitement,  although  he 
was  flill  far  from  being  fatisfled  it  was  unanalogous  to 
ftimulants  in  general. 

It  occurred  to  him,  that,  fuppofing  nitrous  oxyd  to  be 
a  ftimulant  of  the  common  clafs,  the  debility  produced 
in  confequence  of  exceffive  flimulation  by  a  known  agent, 
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ought  to  be  'increafed  after  excitement  from  nitrous 
dxyd. 

He  therefore  drank  a  bottle  of  wine  in  large  draughts 
in  lefs  than  eight  minutes  (being  accuftomed  to  drink 
only  water),  which  intoxicated  him.  Having  remained 
in  a  ftate  of  infenfibility  for  two  hours  and  a  half,  he 
awakened  with  head-ach  and  painful  naufea.  His  bodily 
and  mental  debility  was  cxceffive,  and  his  pulfe  feeble 
and  quick.  He  then  refpired  twelve  quarts  of  oxygen  for 
nearly  four  minutes  ;  and  he  fuppofed  he  was  fomewhat 
exhilarated.  The  head-ach  and  debility  ftill  continuing 
with  violence,  he  refpired  feven  quarts  of  pure  nitrous 
oxyd  for  two  minutes  and  a  half.  Pie  was  unconfeious 
of  head-ach  after  the  third  in fpi  ration,  and  was  exceed- 
ingly exhilarated.  The  next  morning  he  was  well.  This 
proves  that  debility  from  intoxication  was  not  increafed 
by  ex ci Lenient  from  nitrous  oxyd. 

To  afcertain  with  certainty  whether  the  mod  exteniive 
acYion  of  nitrous  oxyd  compatible  with  life  was  capable 
of  producing  debility,  he  refolved  to  breathe  the  gas  for 
fuch  a  time  and  in  fuch  quantities  as  to  produce  excite- 
ment equal  in  duration,  and  fuperior  in  intenfity,  to  that 
occafioned  by  high  intoxication  from  opium  or  alcohol. 
To  habituate  himfelf  to  the  excitement  and  carry  it  on 
gradually,  he  was  enclofed  in  an  air-tight  breathing  box 
of  the  capacity  of  g?  feet.  Taking  a  fituation  in  which 
he  could,  by  means  of  a  curved  thermometer  inferted 
under  the  arm,  and  a  (lop  watch,  afcertain  his  pulfe  and 
animal  heat,  twenty  parts  of  nitrous  oxyd  were  thrown 
into  the  box  ;  the  fmell  and  tafte  were  immediately  evi-' 
dent.  In  four  minutes  he  felt  a  (light  glow  in  the  cheeks 
and  a  diflufed  warmth  over  the  cheft,  though  the 
temperature  of  the  box  was  not  quite  50°  ;  his  pulfe 
was  104  and  hard,  the  animal  heat  98°.  In  ten  mi- 
nutes the  animal  heat  was  near  99° ;  in  a  quarter 
of  an  hour  99.5 °,  and  the  pulfe  10 2,  and  fuller  than 
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before.  Twenty  quarts  more  were  now  thrown  into  the 
box,  and  well  mingled  by  agitation.  In  twenty  five 
minutes  the  animal  heat  was  100°,  pulfe  124,  In  thirty 
minutes  twenty  quarts  more  were  introduced  :  his  fenfa- 
tions  were  exhilaration,  a  generally  diffufed  warmth,  and 
a  difpofition  to  mufcular  motion  and  merriment.  In  three 
quarters  of  an  hour  the  pulfe  was  104,  animal  heat  not 
99.5°,  the  temperature  of  the  chamber  was  64,  the  plea- 
furable  feelings  increafed,  the  pulfe  fuller  and  lower;  and 
in  about  one  hour  it  was  88,  and  the  animal  heat  99*. 
Twenty  quarts  more  were  admitted.  He  had  now  a 
great  difpofition  to  laugh,  luminous  points  paffed  before 
the  eyes,  his  hearing  more  acute,  and  a  pleafant  light- 
nefs  and  power  of  exertion  were  felt  in  his  mufcles.  The 
fymptoms  then  became  ftationary^  refpiration  rather  op - 
preffed,  and  from  the  great  defire  of  action. reft  was  pain- 
ful. He  now  came  out  of  the  box,  having  been  in  pre- 
cifely  one  hour  and  a  quarter. 

He  immediately  began  to  refpire  twenty  quarts  of  pure 
nitrous  oxyd;  a  thrilling  extending  from  the  cheft  to  the 
extremities  was  almoft  immediately  produced;  his  plea- 
fnrable  fenfations  increafed,  he  loft  all  connexion  with 
external  things,  and  he  exifted  in  a  world  of  newly  con- 
nected and  newly  modified  ideas.  When  awakened  from 
this  femidelicious  trance  by  the  bag  being  taken  from  his 
mouth,  indignation  and  pride  were  his  firft  feelings  at 
fight  of  thofe  around  him  ;  his  emotions  were  enthufiaftic 
and  fublime.  Three  minutes  and  a  half  had  only  elapfed  . 
during  the  experiment,  but,  from  the  relative  vividnefs  of 
the  recollected  idea?,  it  appeared  much  longer  to  him. 
Not  more  than  half  of  the  nitrous  oxyd  was  confumed. 
After  a  minute,  before  the  thrilling  of  the  extremities  had 
difappeared,  he  breathed  the  remainder.  Similar  fenfa- 
tions were  again  produced  ;  he  was  thrown  into  the  plea- 
furable  trance,  which  continued  longer  than  before.  He 
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ate  his  dinner  with  great  appetite,  found  himfelf  unufually 
cheerful  aud  active  at  night,  enjoyed  profound  repofe  in 
bed,  and  awoke  in  the  morning  with  confcioufnefs  of 
pleafurable  exiftence,  which  continued  more  or  lefs 
through  the  day. 

He  has  flnce  often  breathed  the  nitrous  oxyd,  and  his 
fufceptibility  to  it's  power  is  rather  increafed  than  dimi- 
niflied.  He  finds  fix  quarts  a  full  dofe,  but  is  rarely 
able  to  refpire  it  in  any  quantity  for  more  than  two  mi- 
nutes and  a  half.  The  mode  of  it's  operation  however  is 
fbmewhat  altered,  and  is  very  different  at  different  times. 
He  is  fcarcely  ever  excited  into  violent  mufcular  action  ; 
the  emotions  are  generally  much  lefs  intenie  and  fublime 
than  in  the  former  experiments,  and  not  often  connected 
with  thrilling  in  the  extremities.  When  troubled  with 
indigeflion,  he  was  two  or  three  times  unpleafantly  af- 
fected. Cardialgia,  eructations,  and  unpleafant  fulnefs 
of  the  head  were  produced.  He  has  often  felt  great  plea- 
fure  when  breathing  it  alone,  in  darknefs  and  filence,  oc- 
cupied only  by  ideal  exiftence.  In  two  or  three  inftances, 
when  breathed  amidft  noife,  thefenfe  of  hearing  has  been 
painfully  affected  even  by  moderate  intenfity  of  found. 
The  light  of  the  fun  has  fometimes  been  difagreeably 
dazzling.  Whenever  breathed  after  excitement  from 
moral  or  phyfical  caufes,  the  delight  has  been  often  in- 
tenfe  and  fublime. 
Cooclufiun.  From  the  facts  already  laid  down,  it  appears  that  the 
immediate  effects  of  nitrous  oxyd  upon  the  living  fyftem 
are  analogous  to  thofe  of  diflufible  ftimuli  :  both  increafe 
the  force  of  circulation,  produce  pleafurable  fee  ling,,  alter 
the  condition  of  the  organs  of  fenfation,  and  in  their 
moft  extenfive  action  deftroy  life.  In  the  mode  of  ope- 
ration of  nitrous  oxyd  and  diflufible  ftimuli,  confiderable 
differences,  however,  exift.  Diffufible  ftimuli  act  im- 
mediately on  the  mufcular  and  nervous  libre:  nitrous 
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oxyd  acts  upon  them  only  by  producing  peculiar  changes 
in  the  composition  of  the  blood.  DirTufible  ftimuli 
affect  that  part  of  the  fyftem  moll  powerfully  to  which 
they  are  applied,  and  act  on  the  whole  only  by  fympathy 
with  that  part :  nitrous  oxyd,  in  combination  with  the 
blood,  is  univerfal  in  it's  application  and  action. 

As  life  depends  immediately  on  certain  changes  effected 
in  the  blood  in  refpiration,  and  ultimately  on  the  fupply 
of  certain  nutritive  matter  by  the  lymphatics,  it  is  rea- 
sonable to  conclude,  that  during  the  action  of  ftimulating 
fubftances,  from  the  increafed  force  of  circulation,  not 
only  more  oxygen,  and  perhaps  nitrogen,  muft  be  com- 
bined with  the  blood  in  refpiration,  but  alfo  more  fluid 
nutritive  matter  fupplied  to  it  in  circulation. 

By  this  oxygen  and  nutritive  matter  excitability  may 
be  kept  up  ;  and  exhauftion,  confequent  to  excitement, 
only  produced,  from  a  deficiency  of  fome  of  the  nutritive 
principles,  fupplied  by  abforption.  Then  nitrous  oxyd  is 
breathed ;  nitrogen  (which  in  fluid  compounds  is  carried 
into  the  blood  by  the  abforbents)  is  fupplied  in  refpiration; 
a  greater  quantity  of  oxygen  is  combined  with  the  blood 
than  in  common  refpiration,  whilft  lefs  carbonic  acid  and 
probably  lefs  water  are  evolved.  Hence  probably  a 
fmaller  quantity  of  nutritive  matter  is  required  from  the 
abforbents  during  the  excitement  from  nitrous  oxyd,  than 
during  the  operation  of  ftimulants ;  and,  in  confequence, 
exhauftion  from  the  expenditure  of  nutritive  matter  more 
feldom  occaiioned. 

He  has  lately  endeavoured  to  afcertain  the  quantities  of 
nitrogen  produced,  when  nitrous  oxyd  is  refpired  for  a 
confiderable  time.  In  one  experiment^  when  he  breathed 
about  four  quarts  of  gas  in  a  glafs  bell  over  impregnated 
water  for  near  a  minute,  it  was  diminiftied  to  about  two 
quarts,  and  the  refiduum  extinguiftied  flame. 
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Now  his  experiments  prove,  that,  when  nitrous  oxyd 
is  dec  om  poled  by  combuftible  bodies,  the  quantity  of  ni- 
trogen evolved  is  rather  greater  in  volume  than  the  pre- 
exifting  nitrous  oxyd.  Hence  much  of  the  nitrogen  taken 
into  the  fyftem   during  the  j-efpiration  of  nitrous  oxyd 
muft  be  either  carried  into  new  combinations,  or  given 
out  by  the  capillary  vefiels  through  the  fkin.     The  va- 
rious effects  of  nitrous  oxvd  upon  different  individuals, 
and  upon  the  fame  individual  at  different  times,  prove 
that  it's  powers  are  capable  of  being  modified,  both  by 
the  peculiar  condition  of  the  organs,  and  by  the  ftate  of 
general  feeling.     It  is  probable  that  pleafurable  feeling  is 
uniformly  connected  with  a  moderate  increafe  of  nervous 
action;  and  this  increafe,  when  carried  to  certain  limits, 
produces  mixed  emotion  or  fublinie  pleafure,  and  beyond 
occafions  abfolute  pain.     From    comparing  facts,  it  is 
likely  that  individuals  poffeffed  of  high  health  and  little 
fenfibility  will  generally  be   lefs  pleafurably  affected  by 
nitrous  oxyd,  thanfuch  as  have  more  fenfibility,  in  whom 
the  emotions  will  fometimes  fo  far  enter  the  ljmits  of  pain 
as  to  become  fublime;  whilft  the  nervous  action  in  fuch 
as  have  exquifite  fenfibility  will  be  fo  much  increafed  as 
often  to  produce  difagreeable  feeling.  Modification  of  the 
nitrous   oxyd   by  oxygen  or  common  air  will  probably 
enable  the  moft  delicately  fenfible  to  refpire  it  without 
danger,  and  even  with  pleafurable  effects ;    in  it's  pure 
form  the  moft  robuft  are  unable  to  refpire  it  with  fafety 
for  more  than  five  minutes.    Hyfterical  affection  is  occa- 
fioned  by  it,  probably  only  from  the  flrong  emotion  pro- 
duced deftroying  the  power  of  the  will. 

The  quicknefs.  of  the  operation  of  the  oxyd  will  pro- 
bably render  it  ufeful  in  cafes  of  extreme  debility,  pro- 
duced by  deficiency  of  common  exciting  powers ;  and 
perhaps  when  mixed  with  oxygen  or  common  air,  it  may 
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be  ufed  to  recover  perfons  apparently  dead  from  fuffoca- 
tion  by  drowning  or  hanging,  as  bv  it's  immediate  oper- 
ation the  tone  of  the  irritable  fibre  is  increafed,  and  as 
exhauftion  rarely  follows  the  violent  mufcular  motions 
fometimes  produced  by  it,  it  may  be  of  ufe  in  fimple 
mufcular  debility.  As  it  appears  capable  of  deftroying 
phyfical  pain,  it  may  be  of  ufe  in  furgical  operations 
where  no  great  effufion  of  blood  takes  place. 

From  the  ftrong  inclination  of  thofe  who  have  been  plea- 
fantly  affected  by  the  gas  to  r'efpire  it  again,  it  is  evident 
the  pleafure  produced  is  not  loft,  but  that  it  mingles  with 
the  mafs  of  feelings,  and  becomes  intellectual  pleafure  or 
hope.  The  defire  of  fome  acquainted  with  the  pleafures 
of  nitrous  oxyd  has  been  fo  great,  as  to  induce  them  to 
breathe  with  eagernefs  the  air  remaining  in  the  bags  after 
the  refpiration  of  others. 

As  hydrocarbonat  acts  as  a  fedative,  and  diminimes 
living  action  as  rapidly  as  nitrous  oxyd  increafes  it,  it 
would  follow,  that  by  differently  modifying  the  atmo- 
fphere  by  means  of  this  gas  and  the  oxyd,  we  mould  be 
in  pofTeffion  of  a  regular  feries  of  exciting  or  depreffing 
powers  applicable  to  every  deviation  of  the  conftitution 
from  health ;  but  the  common  theory  of  excitability  is 
moft  probably  founded  on  a  falfe  generalization.  The 
modifications  of  difeafed  action  may  be  infinite  and  fpe- 
cific  in  different  organs ;  and  hence  out  of  the  power  of 
agents  operating  on  the  whole  of  the  fyftem. 

Pneumatic  chemiftry  in  it's  application  to  medicine  is 
an  art  in  infancy,  weak,  almoft  ufelefs,  but  apparently 
poiTeffed  of  capabilities  of  improvement.  To  be  ren- 
dered ftrong  and  mature  fhe  muft  be  nourifhed  by  facts, 
ftrengthened  by  exercife,  and  cautioufly  directed  in  the 
application  of  her  powers  by  rational  fcepticifm. 

Approximations  to  the  compofition  and  weight  of  the 
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aeriform  combinations  of  nitrogen  at  temperature  55( 
and  atmofpheric  preflurc  30. 
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Ammalization.     This  is  a  procefs  which  the   animal  Animaliza- 
machine  makes  ufe  of  to  convert  vegetable  matters  taken  twn' 
into  the  ftomach  for  the  fake  of  nutrition  into  animal 
matter;  and  ajjimilation  is  the  tranflation  of  alimentary  Affimiia- 
fubftances,  whether  produced  from  the  vegetable  or  ani-  Uon" 
mal  kingdom,  into  fuch  a  ftate  as  renders  them  fimilar  to 
the  different  parts  of  which  they  are  to  become  a  confti- 
tuent  part. 

Thefe  proceffes  are  fuppofed  to  be  brought  about  by  a  Suppofed  to 
chemical  action  ;  and  perhaps  amongft  all  the  operations  procefos** 
which  take  place  in  the  animal  economy,  there  is  no  one 
that  refembles  the  chemical  action  more  than  that  which 
'      *       02 
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brings  about  the  fucceflive  changes  aliments  undergo, 
from  the  in  flan t  they  are  received  into  the  ftomach  to  the 
period  at  which,  after  having  traverfed  the  organs  of  re- 
fpi  ration,  they  only  form  a  part  of  one  homogeneous 
fluid,  the  blood,  in  the  fyftem  of  circulation,  which  isde- 
ftincd  for  the  nourilliing  and  the  repairing  of  the  different 
parts  of  the  animal  body.  This  converfion  of  aliment 
into  an  animalized  fluid,  afterwards  deftined  to  form  the 
various  folids  and  fluids,  is  undoubtedly  one  of  the  mod 
beautiful,  Angular,  and  interefting  fubjects  the  living 
animal  machine  can  offer  to  the  invefligation  of  the  che- 
mical phyfiologift,  and  is  one  of  thofe  which  has  always 
appeared  to  philofophers  the  moft  myfterious  to  conceive, 
and  the  mod  intricate  to  unravel,  of  any  of  the  operations 
that  animal  life  prefcnts. 

It  is  but  a  few  years  ago  fince  it  was  even  forefeen  that 
the  fcience  of  chemiftry  would  ever  be  able  to  furnifh  any- 
thing that  could  explain  the  operation  of  this  function, 
by  which  the  fucceflive  and  uninterrupted  reproduction 
of  all  the  parts  of  the  body  is  brought  about.  It  was 
neceffary  that  the  nature  of  the  atmofpheric  air  fhould  be 
underftood,  the  office  of  refpiration  be  known,  and  the 
analyfis  of  animal  matter  and  it's  eifential  difference  from 
vegetable  matter  (hould  be  clearly  indicated ;  thefe  points 
being  once  determined,  there  was  much  lets  difficulty  in 
concluding  in  what  confided  the  aflimilation  of  aliments, 
and  this  has  been  effected  by  the  new  fyflem  of  chemiftryj 
but  it  will  be  neceffary  firft  to  give  an  account  of  the  idea 
the  defenders  of  the  old  fyflem  had  conceived  of  anima- 
lization,  in  which  phlogifton  formed  as  ufual  a  confpi- 
cuous  part. 

Opinion  of  Ker,  the  ingenious  author  of  the  Dictionary  of  Che- 
miftry, appears  to  have  formed  his  idea  of  animalization 
from  Macquer,  jvho  confidered  the  converfion  of  vege- 
table matters  into  animal  to  be  principally  eflected  by 
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means  of  a  fermentation,  or  the  beginning  of  a  long  and 
unobfervable  putrefaction,  and  which  originated  in  the 
conjectures  of  Hippocrates  and  Empedocles. 

This  chemift  has,  however,  greatly  enlarged  the  plan, 
and  improved  the  hypothefis  of  his  predeceflors.  He  is 
of  opinion,  that  when  vegetable  fubftances  are  received 
as  food  into  the  bodies  of  animals,  the  changes  they  un- 
dergo, and  elaboration  they  fuffer  by  the  animal  powers, 
is  a  chemical  procefs,  which  procefs  appears  to  be  a  con-  is  an  incv 

-'  .       .  r  _.  ..         ,      ,     ,  pient  puue- 

hnually  commencing  putrej 'action ,  continually  checked  and  ftaiwo. 
fubdued.  The  figns  of  this  commencing  putrefaction,  he 
affirms,  are  the  expulfion  of  fixed  air,  the  black  colour 
the  venous  blood  acquires,  the  more  difengaged  ftate  of 
phlogifton  in  animal  bodies  than  in  vegetables,  whence 
they  receive  their  food,  their  greater  putrefcency,  their 
difpofition  to  give  in  great  quantity  volatile  alkali  by 
diftillation,  and  phlogifticated  air  by  addition  of  nitrous 
acid,  which  fubftances  are  known  to  be  products  of  pu- 
trefaction. 

This  putrefcencv,  however,  appears  to  be  confined 
within  limits,  during  life,  contrary  to  the  known  ten- 
dency of  animal  matters  deprived  of  life,  which  haften 
rapidly  to  putrefaction;  that  the  vital  counteracting  caufes 
by  which  the  natural  tendency  of  animal  matters  to  pu- 
trefaction is  continually  checked,  is  owing,  in  fome  mea- 
fure,  to  the  frequent  'lnflfgeftron-of  frefh  food,  efpecially 
of  vegetables ;  but  as  many  animals.are  known  to  live  folely 
on  animal  food,  and  this  often  in  a  putrid  ftate,  whilft 
they  enjoy  health  and  foundnefs,  there  muft  be  another 
principal  caufe  to  be  equivalent  to  fo  great  and  uniform 
an  effect,  which  this  chemift  affirms  to  be  the  abforptibn. 
of  air  by  the  lungs.  It  is  obferved,  that  the  expulfion  of 
pure  air  in  the  form  of  fixed  air,  and  of  a  difengaged 
phlogifton  in  the  form  of  inflammable  gas,  are  the  moft 
confiderahle  phenomena  in  refpect  to  quantity  and  duj&- 
03 
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tion,  which  appear  in  the  putrefactive  procefs.  In  the 
lame  manner,  the  expulfion  of  pure  air  in  refpiration,  in> 
the  form  of  fixed  air,  and  the  confequcnt  predominancy 
Difengage  and  difengagcment  of  phlogifion  in  the' body,  is  the  acT 
hlogifton.  tual  ftate  of  the  animal  procefs.  If  this  predominant 
phlogifion  were  not  conftantly  combined  with  the  pure 
air,  which  is  abforbed  by  the  lungs  in  refpiration,  it 
would  proceed  as  it  does  in  the  putrefaction  of  matters 
not  in  living  animals,  /.  e.  it  would  form  inflammable 
gas,  and  phlogifticated  air,  and  act  as  a  ferment  in  haf- 
tening  the  putrefactive  difTolution.  The  very  remarkable 
effect  of  inflammable  gas  in  promoting  the  putrefaction 
of  animal  bodies  immerfed  in  it,  is  fhown  by  an  experi- 
ment defcribed  by  Sage  in  the  Mem.  de  l'Acad.  Roy.des. 
Sc.  a  Paris,  An.  1784;  and  although  it  is  probable  the 
difengaged  phlogifton  would,  if  not  combined  with  in- 
fpired  pure  air,  occafion  death  by  fome  immediate  action 
on  the  nervous  fyftem,  yet  the  livid  hue  obferved  in  men 
in  afphyxy,  or  fufTocation  from  foul  air,  (hows  that  the 
blood  fuddenly  fufFers  a  chemical  alteration. 
J>atrefcency  pure  air  then,  according  to  Ker,  is  no  fooner  abforbed 
pure  air.  than  it  gives  immediate  figns  of  counteracting  the  flrft 
indications  of  putrefcency,  which  appear  in  the  dark 
colour  of  the  blood  brought  into  the  lungs,  by  inftanta- 
neoufly  changing  this  colour  to  a  vivid  hue.  This  change 
of  colour  from  a  dark  red  or  black  to  a  florid  red,  exactly 
eorrefpond's  with  the  known  effects  of  the  different  fluids 
upon  the  colour  of  blood.  For  a  dark  livid  colour  is  pro- 
ducec|  by  expofing  blood  out  of  the  body  to  inflammable 
gas,  fixed  air,  or  phlogitticated  air,  and  a  florid  red  hue 
is  given  to  blood  by  pure  or  atmofpherical  air.  The  ex- 
periments which  have  been  made  by  expofing  blood  to 
pure  air,  befides  prove,  that  this  fluid  has  a  remarkable 
power  of  abforbing  this  air.  Putrefying  fubflances  have 
the  fame  power  3  for  Dr.  Prieflley   obferved,  that  they 
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diminimed  the  bulk  of  the  mafs  of  air  to  which  they  were 
expofed,  notwith (landing  fubftances  in  that  flate  emit 
fixed  air  and  inflammable  gas.      It  is  by  means   of  this 
conflant  counteraction  of  the  putrefcency*  of  the  blood, 
according  to   Ker5  that  opportunity  and  time  are  given 
for  various   other  gradual  changes,  comb i nations,  and  Formation 
decompofitions  to  take  place ;  in  confequence  of  which  parts, 
changes  the  different  animal  fluids  may  be  fuppofed  to  be 
formed.     Thus  he  conjectures  the  red  part  of  the  blood 
is  firft  formed  in  u  great  meafure  from   the  chyle,  both 
being  of  an  oleaginous  nature ;  but  with  this  difference, 
that  the  oily  matter  in  the  chyle  is  imperfectly  mixed, 
and  confequently  gives  the  ufual '  opake  whitenefs  mix- 
tures of  oil  and  water  generally  exhibit;  whereas  the  oil 
in  blood  is  more  perfectly  combined  with  earthy  matter, 
probably  by  abforption  of  pure  air  in  refpiration.     It  may 
be  remarked,  that  thefe  two  animal  liquors,  the  chyle  and 
the  red  blood,  contain  particles  vifible  by  means  of  the 
microfcope.     But  a  more  conclufive  operation  has  been 
taken  notice  of,  viz.  that  one  of  the  moft  immediate 
effects  of  famine  is  to  diminiih  the  proportion  of  the  red 
blood.     The  fuperfiuous  oil  of  the  chyle  is  feparated  and 
depofited  in  proper  cells,  without  undergoing  much  al- 
teration.    For  the  tallow  of  animals  which  live  on  vege~ 
tables  retains  the  properties  of  vegetable  oils,  particularly 
that  of  making  hard  foap  with  mineral  alkali;  whereas 
the  greafe  of  carnivorous  animals,  and  the  oil  of  fifli,  feem 
altered  by  the  animal  procefs,  and   are  capable  only  of 
making  a  fofter  foap.     The  red  particles  of  the  blood, 
having  a  fufficient  proportion  of  phlogifton  in  their  com- 
pofition,  are  more  difpofed  than  the  other  parts  of  the 
blood   to  putrefcency  :  accordingly,  as  their  phlogifton 
gradually   leaves  them,  principally  to  form  the  fixed  air 
extricated  by  the  lungs,  their  proportion  of  the  other  ele^ 
fnents  increafes,  /.  0.  they  are  gradually  refolvedinto  a 
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compound  containing  lefs  phlogifton,  but  more  earth, 
water,  and  air;  which  compound  this  chemift  conceives 
to  be  the  coagulable  part  of  the  ferum,  which  being 
foluble  in  water,  mixes  with  the  watery  particles  received 
with  the  food,  and  forms  the  ferum.  In  confequence 
of  the  dephlogiftication  of  the  red  blood,  by  which  it  is 
thus  fuppofed  to  be  converted  into  the  coagulable  matter, 
this  matter  pofleflTes  lefs  putrefcency,  has  even  fome 
acefcent  tendency,  and  when  diitilled,  leaves  a  more 
earthy  and  lefs  inflammable  coal.  Some  particles  of  this 
matter  are  denfer  and  more  eafily  coagulable  than  others, 
and  thofe  which  coagulate  with  the  lead  cold,  have  been 
called  the  fibrous  part  of  the  blood,  and  are  found  to  in- 
velop  the  red  particles,  when  blood  let  out  of  the  veins  is 
cooled.  As  this  matter  is  thus  formed  by  the  decompo- 
(ition  of  the  red  blood,  in  the  circulation,  the  more  the 
force  of  the  circulation  is  increafed,  the  more  the  parti- 
cles in  the  blood  will  be  agitated  and  brought  into  contact, 
the  more  this  decompofition  will  be  accelerated,  and  the 
larger  quantity  of  this  coagulable  matter  will  be  formed, 
a  good  deal  of  which  will  be  of  the  denfer  kind,  till  the 
continuance  of  the  fame  caufes  refolves  it  into  other  fluids 
lefs  denfe.  For  this  matter  alfo,  according  to  this  che- 
mift., although  lefs  putrefcent  than  the  red  blood,  never- 
thelefs  undergoes  gradually  it's  peculiar  changes  and  de- 
compofitions,  by  which  more  of  it's  phlogifton  is  evolv- 
ed, and  the  remaining  elements,  earth,  air,  and  water, 
being  in  greater  proportion,  approach  more  to  a  faline 
ftate,  and  at  laft  are  excreted  principally  in  the  form  of 
phofphoric  falts,  with  bafes  of  calcareous  earth,  fixed 
and  volatile  alkali ;  which  accordingly  appear  in  the 
urine  and  other  excretions,  cfpecially  after  an  increafed 
circulation.  As  the  changes  of  the  blood  are  progreflive, 
the  juices  muft,  at  different  times,  afTumc  a  variety  of 
forms,  and  in  thefe  different  dates,  they  may  be  fecreted 
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by  organs  fitted  for  their  peculiar  feparations  by  the  di- 
verfity  of  the  diameters  of  the  fecretory  vefTels,  as  fome 
authors  have  conjectured  with  much  plaufibility^  or 
other  appropriated  mechanical  ftructure. 

The  gluten  of  the  flour  of  wheat  feems  to  be  fimilar  to 
tire  more  denfe  coagulable  matter  of  the  blood  in  it's  tex- 
ture, it's  degree  of  folubility  in  water,  and  in  the  products 
it  yields  by  expofure  to  diftillation,  viz.  volatile  alkali  and 
phofphorus.  In  fome  animals,  as  the  teftaceous,  a  part 
of  the  earth  in  their  compofition  is  entirely  feparated  from 
the  other  elements,  and  appears  in  it's  proper  (late, 
forming  together  with  fome  portion  of  animal  gluten  the 
fhells  of  thefe  animals.  A  fimilar  kind  of  glutinous  fub- 
flance  is  formed  by  the  fpontaneous  decompofition,  to. 
which  oily  vegetable  acids,  as  cream  of  tartar  and  com- 
mon vinegar,  are  fubject.  The  tenaceous  crlift  then 
formed  poffefTes  the  fame  texture  and  chemical  qualities 
as  animal  or  farinaceous  gluten.  Laftly,  the  cafeous  part 
of  milk  porTeflTes  the  fame  properties.  In  thefe  feveral 
animal  and  vegetable  glutens,  the  earth  appears  to  be  the 
prevalent  element  in  the  compofition,  and  their  forma- 
tion feems  to  conftitute  one  of  the  more  advanced  ftages 
in  the  gradual  changes  which  take  place  in  organic  bo- 
dies. Such  is  the  opinion  of  this  learned  chemift  re- 
fpecting  the  procefs  of  animalization. 

The  new  doctrine  of  chemiflry,  fo  inimical  to  the  phlo-  Opinfaa  of 
giftic  fyflem,  has  equally  changed  the  method  of  ex-  le* 
plaining  the  phenomena  of  animalization,  as  well  as 
that  of  other  proceffes,  and  has  fubftituted  in  it's  place  a 
theory  that  is  much  better  fuited  to  the  facts  that  have 
been  collected  upon  that  vital  function,  and  to  the  ana- 
lysis of  the  fubftances  that  are  it's  objects,  than  what 
could  have  been  done  by  the  old  theory. 

From  the  experiments  of  Berthoilet,  we  are  indebted 
for  the  difcovery  that  it  is  principally  by  the  prefence  of 
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azot  that  the  matters  of  the  animal  kingdom  differ  from 
the  vegetable ;  it  is  therefore  neceffary  firft  to  know,  in 
explaining  this  fubject,  by  what  means  azot  is  found 
more  abundantly  in  animals,  and  this  being  once  ac- 
counted for,  will  form  the  bafis  of  our  knowledge  on 
animalization.  It  may  be  eafily  conceived  that  the  diffi- 
culty of  acquiring  this  knowledge  can  only  relate  to  thofe 
animals  that  live  on  vegetable  matter,  for  the  origin  or 
the  fource  of  that  principle  in  thofe  animals  that  feed  on 
the  fame  food  as  themfelves  are  compofed  of,  /'.  e.  on 
animal  food,  needs  no  investigation. 

For  the  attempt  to  explain  the  function  of  animaliza- 
tion upon  anliphlogiftic  principles,  we  are  indebted  to 
Halle,  who  has  collected  a  number  of  new  truths  from 
the  labours  of  modern  chemifts,  and  formed  a  theory  on 
the  influence  of  the  air  in  the  operation  by  which  the 
aliments  are  converted  into  animal  fubftances. 

Having  introduced  his  fubjecl:  with  fome  account  of 
the  analogies  that  fubfift  between  vegetable  and  animal 
matters,  particularly  between  vegetable  gelatin,  and  glu- 
ten and  animal  gelatin,  and  fibrin,  which  arfc  the  prin^ 
cipal  parts,  and  thofe  which  form  with  the  phofphat  of 
lime  the  mod  univerfal  bafis  of  animal  folids  ;  he  goes  on 
byobfervingjthat  there  is  a  character  of  refemblance  much 
more  important,  and  for  the  knowledge  of  which  we  are 
principally  indebted  to  Berthollet.     Jt  is,  that  all  veger 
table  and  animal  fubftances  ferving  us  for  food,  and  all 
Analogy      of  thofe  compofing  our  own  folids  and  fluids,  except  a 
vegetable     very  few,  have  one  common  bafis  in  their  compolition, 
a.Ki  animal  u  ^j^  jg  differently  combined,  according:  tq  the  diverfity 
of  thefe  fubftances,  and  which  is  fufceptible  of  changing 
their  combination  by  a  great  number  of  different  opera- 
tions.   This  common  bafis  is  that  of  the  oxalic  acid,  /'.  e. 
that  fubftance  which  combined  with  oxygen,  the  prioci- 
cuoimou      pie  that  forms  acids,  gives  rife  to  the  acid,  formerly  called 


ANIMALIZATION.  203 

faccharlnt  acid,  but  now  known  by  the  name  of  oxalic  bafis,  the 

.  ,  oxalic  acid. 

acid. 

This  bafis  is  that  of  all  nutritive  fubftances  in  general. 
The  faccharine  matter,  the  mucilage,  the  fecula,  the 
gelatinous  and  mucous  juices  of  vegetables,  the  vegetable 
gluten,  a  great  number  of  vegetable  acids,  and  likewife 
all  animal  mucilages ;  their  jellies,  their  fibrous  part, 
their  albuminous  fubftance,  and  the  cafeous  part  of  milk, 
have  all  of  them  the  fame  principle  for  a  bafis,  which  is 
that  of  the  oxalic  acid.  This  is  proved  by  the  nitric 
acid. 

Likewife,  the  fat  oils  of  vegetables,  the  butters,  and 
the  animal  fats,  the  analyfis  of  which  does  not  afford  ex- 
actly the  fame  refult,  appear,  as  is  attefted  by  feveral 
phenomena  of  the  animal  economy,  to  be  capable  of  be- 
ing transformed  into  this  bafis,  and  from  the  knowledge 
that  has  been  acquired  on  the  ftate  of  this  ifolated  oxalic  . 
bafis,  there  is  reafon  to  prefume,  that  if  there  be  not  a 
perfect  identity  between  it  and  the  fat  oils,  there  is  only 
a  difference  in  the  combination,  the  nature  of  which 
Lavoifier  appears  to  have  nearly  determined:  this  chemift 
aiferts,  that  this  bafis,  as  well  as  the  oils,  is  formed  of 
hydrogen  and  carbon,  but  both  in  the  ftate  of  oxyds,  and 
which  confequently  is  the  point  of  refemblance  between 
all  fubftances  capable  of  affording  nourifhment. 

Such  is  the  analogy.  As  to  the  difference,  we  are  Difference 
indebted  for  this  part  of  the  analyfis  to  Berthollet,  who,  J^66" 
purfuing  the  fteps  of  Bergman  and  Scheele,  has  been 
able  to  demonftrate  the  different  principles  to  which  the 
oxalic  bafis  is  combined,  both  in  animal  and  vegetable 
fubftances,  whilft  Fourcroy  has  likewife  contributed  to 
augment  the  knowledge  this  important  analyfis  has  pro- 
us. 
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The  oxalic       jt  is  demonftrated  by  the  labours  of  the  above  chemift, 

bans  com-  J  %  * 

biiiLdwith  that  in  all  thefe  fubftances,  the  oxalic  bails,  without 
vegetables,  changing  it's  nature,  is  more  particularly  combined  with 
wjthazot     t       different  principles. 

*n  animal 5.  '  r  , 

1.  With  the  principle  of  charcoal  or  carbon,  the 
fame  which,  when  combined  with  the  bafis  of  vital 
air,  forms  carbonic  acid. 

2.  With  one  of  the  condiment  principles  of  vo- 
latile alcali,  or  azot,  which  forms  the  bafis  of  azot 
gas. 

The  flrftj  or.carbon,  is  more  abundant  in  vegetable  fub- 
ftances ;  the  fecond,  or  azot,  is  found  in  greater  propor- 
tion in  animal  fubftances.  Thofe  which  contain  car- 
bon in  great  abundance,  and  little  or  no  azot,  are  like- 
wife  thofe  which  in  their  fpontaneous  decompofition 
give  early  (igns  of  acefcence ;  thofe,  on  the  contrary, 
which  contain  a  great  portion  of  a^ot,  become  iuddenly 
alcalefcent. 

Thus  when  vegetable  fubftances  become  animalized, 
and  when  our  aliments,  which  are  in  general  lefs  anima- 
lized, than  ourfelves,  are  aflimilated  to  our  own 
fubftance,  it  may  be  faid  the  change  which  then  takes 
place  in  them  confifts  for  the  moft  part  in  their  oxalic 
bafis  combining  with  a  greater  proportion  of  the  bafis  of 
azot  gas,  or  a%ot ;  whilft  on  the  contrary,  it  lofes  a 
part  of  the  principle  of  charcoal,  or  carbon,  to  which 
it  might  be  united :  on  confidering,  therefore,  that  on 
analyfis,  if  either  the  one  or  the  other  of  thefe  princi- 
ples be  feparaled  from  the  oxalic  bafis  to  which  they  are 
united,  the  combinations  into  which  they  pafs,  almoft 
always  give  rife  to  fome  elaftic  fluids  ;  it  will  be  readily 
conceived,  how  much  the  confideration  of  thefe  fluid* 
in   the   animal  economy  ought  to  attract  the  attention 
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©f  phyficians,   and  how  it  may  facilitate  the  knowledge 
of  the  mod  important  phenomena  of  our  functions. 

Halle  having  compared,  in  the  manner  above  men- 
tioned, the  different  fubftances  that  enter  into  the   com- 
pofition  of  our  aliments,  and  into  that  of  our  organs, 
which  he  calls  the  firft  order  of  fads,  continues  the  fub-  Firft  and 
ject  by  the  fecond  order  of  facts,  comprehending  dTroflS 

1*     The  ftate  of  the  elaftic  fluids  contained  in  the  ali- 
mentary canal. 

2.  The  changes  the  air  undergoes  during  refpiration. 

3 .  The  alterations  it  undergoes  in  it's  contact  with  the 
flcin. 

With  refpect  to  the  fir/t.  This  chemift  informs  us, 
the  obfervations  which  Jurine  of  Geneva  made  on  the 
ftate  of  the  elaftic  fluids  contained  in  the  inteftinal  canal, 
were  formed  from  fome  experiments  made  on  a  ftrong 
hearty  perfon  who  had  died  fuddenly  during  a  cold  night,  . 
and  which  were  compared  with  thofe  the  diflection  of 
feveral  other  bodies  offered,  under  different  circumftances, 
but  who  died  in  good  health. 

Thefe  experiments   prefent  thefe  remarkable  refults, 
that  of  the  elaftic  fluids  contained  in  the  inteftinal  canal, 

1 .  The  refpective  proportion  of  vital  air  always  diminifhes 
progreffively  from   the  ftomach  to  the  great  inteftines  : 

2.  The  refpective  proportion  of  azot  gas  always  increafes 
progreffively  from  the  ftomach  to   the  great  inteftines : 

3.  The  proportion  of  the  hydrogen  gas  in  general  aug- 
ments from  the  ftomach  to  the  fmall  inteftines,  and  di- 
minifhes from  them  to  the  great  inteftines  :  4.  The  pro- 
portion of  carbonic  acid  gas  is  the  moft  variable  of  all  in 
different  fubjects;  it  was  very  ftrong  in  the  ftomach  of  the 
fubject  that  died  fuddenly,  but  very  weak  in  the  reft  of  the 
inteftinal  canal:  5.  It  appears  that  there  exifts  a  little  alca- 
line  or  ammoniacal  gas  in  the  canal  of  the  laft  inteftines, 
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Such  is   the  refult  of  thefe  experiments,  made  by  lime 
water  and  the  nitrous  gas. 

With  refpecl:  to  the  fecond,  it  was  remarked  by  Prieft- 
ley,   that  refpiration  produced  azot  gas.     Lavoifier  and 
de  la  Place  proved,  that  during  that  procefs,  carbonic 
x    acid  gas  was  formed   at  the  expenfe  of  the  vital   air, 
and  the  experiments  were  repeated  by  Jurine.     Hence 
it  appears  that  refpiration  alters  the  atmofpheric  air  in 
three  manners.     1.    The  portion  of  vital   air,  which 
makes  a  little  more  than  one  quarter  of  this  fluid,  is  fenfi- 
bly  diminifhed.     2.    Carbonic    acid  gas  is  formed   in 
proportion  to  this  diminution  of  vital  air.     3.  A  new 
quantity  of  azot  gas  is  formed,  which  ought  not  to  be  at- 
tributed folely  to  the  change  in  proportion  between  the 
two  conflituent  parts  of  the  atmofphere,  but  which  is, 
in  reality,  an  additional  quantity.     Thefe  alterations  in 
the  refpired  air  do  not  all  take  place  in  the  fame  inftant 
of  time.     The  two  firft,  which  are  abfolutely  fimulta- 
neous,  firft  take  place,  as  they  depend  entirely  upon  each 
other.     When  the  portion  of  vital  air  in  the  rofpirable 
air  diminifhes,  the  quantity  of  carbonic  acid  produced  by 
refpiration  diminifhes  likewife  ;     but  on  the  contrary, 
the  difengagement  of    azot  gas  progreffively  increafes, 
and  augments  the  more,  as  there  is  lefs  carbonic  acid 
formed,  fo  that  the  firft  portions  of  vital   air  appear  to 
be  employed  in  difengaging  the  carbonic  acid,  whilft  the 
) aft  are  difengaging  the  azot.     This  effect  not  only  takes 
place  in  the  ordinary  atmofpheric  air,  which  naturally 
contains  more  than  two   thirds  of  azot  gas,   it  equally 
takes  place  in  vital ^air,   where  the  production  of  azot 
gas  can  only  be  the  product  of  refpiration.     It  has  like- 
wife  been  obferved,  that  in  the  action  that  finifhes  di* 
geftion,  the  refpired  air  received  a  greater  proportion  of  car- 
bonic acid,  and  on  the  contrary,  in  the  action  of  fever,  it 
received  a  greater  proportion  of  azot  gas. 
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Laftly,  with  refpecl:  to  the  third,  Jurine  has  put  it  out 
of  all  doubt,  that  during  the  contact  of  the  fkint  with  the 
external  air,  carbonic  acid  is  formed,  and  that  more  is 
formed  in  proportion  to  the  greater  activity  of  the  func- 
tions of  the  cutaneous  organs.  When  the  experiments  of 
Jurine  are  compared  with  the  manner  in  which  Ingen- 
houfz  made  his  obfervations  on  the  fame  fubjecl,  it  is 
eafily  perceived  how  the  refults  obtained  by  thefe  two 
philofophers  may  be  perfectly  reconciled,  and  upon  what 
the  difference  depends  that  exifts  between  their  conclu- 
(ions.  It  is  evident  that  to  the  manner  in  which  Ingen- 
houfz  made  his  experiments  the  difappearance  of  the  car- 
bonic acid  was  owing. 

3.  Halle,  after  having  thus  cited  the  above  general  fails,  Confc- 
lays  down  the  confluences  refpecting  the  affimilation  of  JucwUroia 
the  aliment.     He  obferves,  that  after  having  remarked,  them- 
that  the  oxalic  bafis,  the  common  principle  of  almoft  all 
nutritive  fubftances,    as  well  as  of  thofe  trrat  compofe 
our  organs,  is  principally  combined,  in  the  one,  with  the 
bafis  of  carbonic  acid  or  carbon,  in  the  other,  with  the 
bafis  of  azot  gas,  or  azot,  and  that  the  proportion  of  this 
Lift  formed  one  of  the  principal  characters  of  animaliza- 
tion  ;  the  next  circumftance  is  to  confider  the  manner  of 
their  feparation. 

Ij  is  well  known  there  are  different  ways  of  feparating 
thefe  two  principles  from  the  oxalicbafis  with  which  they 
are  united,  whether  in  our  aliments  or  in  our  organs. 
That  this  feparation  is  principally  brought  about  by  the 
afcid  of  bodies  containing  the  bafis  of  vital  air,  viz.  oxygen. 

In  the  common  chemical  analvfis   of  fubftances  the  ~ 
iiitric  acid  is  ufed  to  furnifh  this  bafis  with  more  facility.    oi  the  d'f- 

.     .  fefMrt  b;>fe» 

In  the  grand  operations  of  nature  it  is  furnimed  by  the  by  oxygen, 
atmofpheric  air,  and  by  water.     Wherever  it  is  the  at- 
inofpheric  air  that  difengages  the  carbon,  carbonic  acid  is 
formed,  or  if  it  difengages  the  azot,  azot.  gas.     Wherever 
it  is  water  that  furaifhes  the  bafis  of  vital  air,  hydrogen 
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gas  is  difengaged ;  and  wherever  hydrogen  is  difengaged 
at  the  fame  time  as  azot,  and  combines  with  it,  ammonia 
or  volatile  alkali  is  produced. 

The  reparation  being  well  undcrftood,  the  next  is  to 
examine  what  paflfes  in  the  human  body. 

Proportion       jn  the  inteftinal  canal  the  proportion  of  vital  air  di- 

of  vital  air  r      r 

in  the  imef-  minifties  fuccefiively  from  the  ftomach  to  the  extremity 

of  the  inteftinal  canal,  and  at  this  extremity  there  is  no 

trace  of  it;  thus  the  vital  air,  or  it's  bafis  oxygen,  forms 

combinations  in  this  paffage,    and   what  is  the    confe 

It'scombi-  qUence? 

In  the  ftomaclx,  where  the  aliments  ftill  poflefs  their 
former  properties  and  mix  with  the  juices,  of  the  nature 
of  which  there  is  much  incertitude,  a  portion  of  carbonic 
acid  is  difengaged;  the  principle,  carbon,  that  unites  with 
the  vital  air  to  form  this  gas,  appears  to  come  from  the 
aliment,  and  if  the  proportion  be  not  conftant,  it  arifes 
from  the  aliments  not  always  being  the  fame.' 

In  the  fmall  inteftines  into  which  the  bile,  one  of  the 
known  humours  that  carries  the  moft  evidently  the  animal 
character,  flows  with  feveral  other  fecretions,  and 
where  the  aliments,  intimately  penetrated  with  thefe  hu- 
mours, form  a  very  liquid  mafs,  azot  and  hydrogen  gafes 
are  difengaged.  One  part  of  the  matters  contained  in  this 
canal  being  of  the  number  of  thofe  that  contain  the  bafis 
of  azot  gas  or  azot,  may  confequently  give  rife  to  the  ex- 
trication of  the  azot  gas,  and  thefe  fame  matters  forming 
a  heated  mafs  and  in  a  liquid  ftate  are  the  bed  adapted  to 
bring  about  the  decompofition  of  the  water.  The  water 
being  thus  decompofed  gives  rife  to  inflammable  gas,  and 
at  the  fame  time  furnifhes  the  mafs  of  animal  juices  and 
aliments  with  a  portion  of  the  bafis  of  vital  air  or  oxygen, 
which  forms  a  combination  whilfl  the  azot  efcapes. 

Laftly,  in  the  great  inteftines,  where  the  excrementi- 
tious  mafs,  by  it's  odour  and  products,  announces  the 
animal  character,  the  quantity  of  azot  gas  increafes,  but 
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the  inflammable  gas  diminifhes  a  little,  either  becaufe 
the  matters  being  lefs  liquid  favour  lefs  the  decomposition 
of  water,  or  becaufe  a  part  of  the  hydrogen  combined 
with  the  azot  forms  ammonia  or  alkaline  gas ;  on  the 
contrary,  in  certain  diarrhoeas,  the  air  let  loofe  from  the 
rectum  bearing  an  hepatic  odour,  is  a  proof  that  a  very 
large  proportion  of  fulphurated  hydrogen  gas  is  formed 
in  the  great  inteflines.  But  thefe  matters  being  then 
more  liquid,  the  decompofition  of  the  water  continues  to 
take  place  beyond  the  fmall  interlines. 

Thus  in  the  alimentary  canal  the  vital  air,  whether  it 
be  free  and  arifing  from  the  atmofpheric  air  fwallowed 
with  the  aliments,  or  difengaged  afterwards  by  the  de- 
compofition of  water,  combines  both  with  the  animal  - 
fecretions  and  with  the  aliments  confounded  with  them 
in  the  inteftinal  canal,  and  at  firft  feparates  from  the  ali- 
mentary matters  a  portion  of  their  carbon,  with  which  it 
unites  to  form  the  carbonic  acid,  afterwards  difengaginar 
azot  from  the  inteftinal  fecretions,  it  favours  it's  combi- 
nation with  the  alimentary  matters  that  receive  it  in  lieu 
of  the  carbon,  a  portion  of  which  they  have  loft.  In  this 
manner  the  aliments  that  nourifh  us  commence  their  in- 
cipient animalization,  the  degree  of  which,  Halle  is  of 
opinion,  might  be  eftimated,  if  the  nature  of  the  chyle, 
which  is  the  refult,  was  perfectly  underftood. 

4.  Conclufion.  It  appears  therefore  to  this  chemical  Conclusion. 
phyfiologift,  from  what  has  been  above  dated,  that  a 
great  part  of  the  procefs  producing  the  affimilation  of 
aliments,  is  performed  in  the  intejlinal  canal,  in  the  organs 
of  refpiration,  and  upon  the  furface  of  the  fk'm.  That  in 
thefe  three  organized  parts,  the  atmofpheric  air,  and  par- 
ticularly the  vital  part  of  this  air,  is  the  principal  inftru- 
ment  of  the  combinations  by  which  the  affimilation  is 
brought  about ;  that  it  probably  a£ts  by  taking  away 
from  the   alimentary  matter  a  portion  of  it's  carbonic 
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principle,  and  by  facilitating  it's  combination  with  the 
overplus  azot  of  the  animal  humours,  and  confequentlyy 
that  in  this  common  operation,  the  execution  of  which 
is  divided  between  three  different  organs,  but  founded  ix* 
all  upon  the  fame  principles,  a  reciprocal  change  takes 
place  at  the  fame  time,  as  well  in  the  fubftance  of  the  ali- 
ment as  in  that  of  the  animal  humours  ;  by  which  the 
one  being  animalized,  and  the  others  lofmg,  as  it  were, 
the  excefs  of  their  animalization,  all  of  them  are  brought 
to  the  fame  point,  and  appear  mutually  affimilated. 
imperfec-        This  chemift,  in  delivering  his  theory  to  the  world,  does- 

tionofthis  .  .   . 

theory.  not  preiume  to  think  that  it  explains  the  formation  of  all 
the  products  of  animal  aflimilation,  he  allows,  it  neither 
accounts  for  the  production  of  the  phofphoric  fahs,  noF 
that  of  the  fat  matter  analogous  to  fpermaceti,  found  by 
Fourcroy  in  the  liver  and  bile;  nor  does  it  explain  the  man- 
ner in  which  the  other  animal  products  are  modified,  on 
which  modern  chemiftry  has  at  prefent  caft  no  light ;  hence 
it  is  incomplete.  Such  is  the  manner  by  which  Halle  has 
attempted  to  explain  the  meehanifm  of  the  aflimilation  of 
aliments,  and  of  the  change  they  undergo  in  their  na- 
ture, and  in  which  it  is  to  be  obferved,  that  although  he 
has  made  ufe  of  the.  difcoveries  of  Scheele,  Bergman,- 
Lavoifier,  Prieftley,  and  Berthollet,  yet  he  is  one  of  the 
$rft  that  has  embraced  fo  great  an  extent  of  operations 
at  the  fame  time  refpecting  the  animal  functions,  and 
that  it  was  impoflible  from  the  prefent  ftate  of  facts,  that 
fo  difficult  a  problem  as  that  of  animalization  could  be 
refolved  by  the  few  materials  he  was  in  poffeflion  of. 
Obkiva-  Fourcroy,  who  had  perhaps  a  better  opportunity  of 
IWcYoy  becoming  acquainted  with  facta  than  Halle,  and  who 
■>±pon  itj  had  the  advantage  of  later  difcoveries,  has  made  fome 
reflrictions  and  observations  upon  the  hypothefis  of  the 
latter.  lie  thinks  it  neceffary  to  obferve,  that  in  refer- 
ring aH  fubftanees-  compofsd  of  the  vegetable  and  animal 
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kingdom  to  what  Halle  calls  the  oxalic  ha/is  or  oxalic  radi- 
cal, this  philofopher  could  only  have  in  view  the  fixing 
a  finking  analogy  between  all  fubftances ;  but  as  the 
confidering  of  it  in  this  light  without  fome  modifications 
might  lead  to  errour,  it  is  neceffary  to  explain  how  far  the" 
truth  is  able  to  carry  us. 

By  the  oxalic  bafis  or  radical  is  underftood  a  matter  On  the  firft 
compofed  of  hydrogen  and  carbon,  which  when  united  par 
with  a  large  proportion  of  oxygen,  gives  rife  to  the  oxalic 
acid,  and  which  plays  the  fame  part  in  this  acid  as  ful- 
phur,  phofphorus,  charcoal,  or  arfenic  does  in  the  ful- 
phuric,  phofphoric,  carbonic,  and  arfenic  acids,  If  all 
animal  and  vegetable  matters  can  be  confidered  as  the 
oxalic  bafis,  it  can  only  be  as  containing  the  carbonated 
hydrogenous  combination  conftituting  this  bafis.  But  it 
would  be  erroneous  to  fuppofe  that  this  carbonated  hydro- 
gen is  equally  compofed,  as  to  the  proportion  of  thefe  two 
principles,  and  confequently  equally  ready  to  form  the 
oxalic  acid  on  the  addition  of  oxygen,  in  all  thefe  mat- 
ters. 

The  combination  of  hydrogen  and  of  carbon  that  forms 
the  general  bafis  of  organized  fubftances  is  not  homo- 
geneous in  all  of  them  ;  it  differs  either  in  the  proportion 
of  one  or  other  of  the  primitive  principles,  or  in  the 
addition  of  a  greater  orlefs  quantity  of  azot,  or  Iaftly,  in 
the  proportion  of  the  oxygen  it  already  contains ;  hence 
to  be  converted  into  oxalic  acid,  it  is  not  fufficient  con- 
ftantly  to  add  oxvgen  and  an  equal  quantity  of  oxygen  to 
it.  For  the  one  it  is  neceffary  that  a  certain  proportion 
of  hydrogen  or  carbon  be  difengaged,  according  as  the 
one  or  the  other  exceeds  the  quantity  that  ought  to  form 
the  true  oxalic  radical ;  for  the  other  to  difengage  a  por- 
tion of  thefe  two  principles ;  for  a  third  order  of  thefe 
fubftances  to  take  away  or  feparate  at  firft  the  azot  that 
does  not  appear  to  enter  into  the  oxalic  acid.  Thus, 
P  2 
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when  by  means  of  the  nitric  acid,  the  gums,  fugar,  or 
(larch,  are  converted  into  oxalic  acid,  much  carbonic 
acid  is  difengaged,  becaufe  thefe  matters  contain  much 
more  carbon  than  is  neceflary  for  the  oxalic  radical ; 
when  by  means  of  the  fame  nitric  acid  the  fame  procefs  is 
applied  to  the  oils,  butters,  fats,  refins,  &c. ,  a  great  deal 
of  hydrogen  and  carbonic  acid  gafes  is  difengaged,  a 
proof  of  there  being  more  hydrogen  and  carbon  than 
are  neceflary  for  the  oxalic  radical  5  laftly,  when  the  ni- 
tric acid  is  made  to  act  on  vegetable  gluten,  elaftic  gum, 
mufcular  flefh,  and  all  other  animal  matters,  thefe  mat- 
ters are  not  converted  into  oxalic'  acid  until  they  have 
given  out  azot  and  carbonic  acid  gafes,  becaufe  they  con- 
tain azot  that  does  not  enter  into  the  formation  of  the 
oxalic  acid,  and  more  Carbon  than  this  acid  has  need  of: 
and  it  is  in  this  manner  the  nature  of  the  oxalic  radical 
is  to  be  looked  upon,  as  for  as  Halle  conceives  it  to  exift 
in  all  matters  considered  as  aliments,  whilft  what  has 
been  faid  upon  the  fubject  ought  only  to  refer  to  the  fol- 
lowing propofition,  viz.  that  all  alimentary  matters  con- 
tain that,  which,  by  the  addition  of  oxygen,  forms  the 
oxalic  acid. 
.  Since  the  fa£ls  related  by  Halle  on  refpiration,  that 

tond  p.ut.  function  has  been  much  better  inveftigated  by  the  united 
labours  of  Lavoifier  and  Seguin.  During  refpiration, 
water  is  undoubtedly  formed,  and  there  is  a  difengage- 
ment  of  hydrogen  as  well  as  of  carbon  from  the  blood. 
This  effecT:  refembles  that  which  takes  place  in  all  vege- 
table matters  expofed  to  the  air.  It  even  appears  to 
Fourcroy,  that  hydrogen  burns  more  eafily  than  carbon, 
at  lead  in  making  the  analogy  refpe&ing  vegetable  fub- 
llances.  He  allows,  however,  that  this  formation  of 
carbonic  acid  and  water  during  refpiration  is  not  as  yet 
fupported  by  any  pofitive  experiments.  There  are  even 
fomc  who  think  that  the  vital  air  is  wholly  abforbed  by 
.  3. 
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the  lungs,  that  in  the  courfe  of  circulation  it  is  by  degrees 
.converted  into  carbonic  acid,  and  that  it. is  afterwards 
evacuated  by  the  lungs.  This  opinion,  it  is  evident,  is 
very  different  from  that  which  explains  the  formation  of 
the  carbonic  acid  to  be  effected  by  the  pulmonary  organ, 
owing  to  the  carbon  difengaged  from  the  blood  after- 
ward uniting  with  the  atmofpheric  oxygen.  The  obferr 
vatioh  upon  what  paffes  during  the  refpiration  of  the 
great  grafshopper  (locufta  vermivora  of  Geoffroy)  by 
Vauquelin,  appears  to  authorize  this  lad  opinion.  He 
found  a  canal  which  conduces  the  air  immediately  from 
the  trachea  to  the  ftomach,  and  he  believes  with  much 
probability,  that  the  air  feryes  to  the  affimilation  of  the 
ajiments.  If  the  immediate  combination  with  the  mafs 
of  aliments  or  of  the  chyle  be  neceffary  to  complete 
digeftion,  or  to  affimilation,  as  fome  fa£ts  appear  to  in- 
dicate, and  as  feveral  philofophers  are  of  opinion,  it  ap- 
pears that  the  vital  air  really  penetrates  the  lungs  and 
Combines  with  the  blood,  which  at  the  fame  time  ex- 
hales carbonic  acid.  To  conclude,  it  is  fufficient  for  the 
conclulions  drawn  by  Halie  in  whatever  manner  thefe 
things  are  effected,  that  there  be  fome  means  during  re- 
fpiration of  exhaling  carbon.  Lavoifier  has  confirmed, 
by  his  laft  experiments  on  refpiration  and  tranfpiration, 
the  refult  of  thofe  of  Jurine,  and  it  appears  inconteftibly, 
according  to  Fourcroy,  that  the  procefs  which  takes  place 
on  the  fkin  affords  a  fimilar  phenomenon  to  what  paffes  in 
the  lungs,  i.  e,  a  formation  or  a  difengagement  of  carbo- 
nic acid.  It  may  be  poffible  that  three  effects  concur  at 
the  fame  time  in  this  procefs  of  affimilation,  for  which  it 
ig  proved  that  the  pulmonary  and  cutaneous  organs  are  in 
a  great  meafure  deflined.  Perhaps  there  is  a  feparation. 
of  carbon  and  hydrogen  from  the  lungs  ;  perhaps  oxygen 
may  penetrate  at  the  fame  time,  which  uniting  by  degrees 
with  the  carbon  of  the  blood  during  refpiration,  after? 
'•>3 
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ward  flows  out  in  torrents   through  the  vefTels  of  the 
whole  furface  of  the  fkin.     {Vide  refpiration . ) 
Onihe  Fourcroy  is  of  opinion  that  Halle,  in  attributing  the 

beginning  of  aflimilation  brought  about  in  the  ftomach 
and  inteftines  in  great  part  to  the  decompofition  of  wa- 
ter, cannot  fupport  his  conjecture ;  and  indeed,  it  is  only 
upon  the  prefence  of  carbonic  acid,  hydrogen,  and  am- 
moniacal  gafes  in  the  cavity  of  thefe  vifcera,  that  he  offers 
it.  It  is  neceffary  to  remark,  that  it  is  founded  upon  an 
obfervation  made  by  Jurine  only  on  one  cafe,  and  that  it 
would  not  be  reafoning  with  much  precifion  to  apply  it 
as  a  general  rule.  It  may  be  prefumed,  that  the  exiftence 
of  the  gafes  is  nearly  the  fame  in  the  courfe  of  the  ali- 
mentary canal  of  all  fubjects  with  that  which  Jurine 
found  in  his  fubject ;  but  there  is  no  proof  that  the  pro- 
duction of  thefe  inteftinal  gafes  are  owing  to  the  decom- 
pofition of  water,  nor  even  that  the  difference  of  thefe 
gafes  in  the  different  parts  of  the  canal  depends  upon  the 
ftate  of  the  water. 
Fnurcroy's  Fourcroy  is  of  opinion,  that  the  primary  effects  of  di- 
geftion,  which  ought  not  to  be  confounded  with  thofe 
of  aflimilation,  properly  fo  called,  may  be  explained  with- 
out having  recourfe  to  the  decompofition  of  water.  Four 
principal  phenomena  take  place  in  the  aliments  during 
their  refidence  in  the  ftomach  and  inteftines. 

lft.  The  aliments  are  foftened  and  diffolved  into  a 
kind  of  homogeneous  pulp  in  the  inteftines. 

2d.  Their  character  is  changed  by  the  gaftric  men- 
fir  uum. 

3d.  This  folution  is  decompofed  in  the  fmall  inteftines 
by  the  bile,  which  feparates  the  alimentary  part  from  the 
excrementitious. 

4  th.  The  chylous  matter  is  abforbed  by  the  lymphatics 
in  the  large  inteftines,  and  the  excrementitious  matter  is 
forced  down,  carrying  with  it  the  fat  and  colouring  matter 
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*>f  the  bile.  The  bile  conveyed  into  the  blood  undergoes 
a  change  in  the  lungs.  The  aliments  themfelves  may  be 
the  fource  of  the  gafes  contained  in  the  alimentary 
tube. 

This  chyle  being  poured  into  the  blood,  and  mixed 
with  it  as  the  alimentary  matters  were  mixed  with  the 
animal  fecretions  in  the  inteftines,  is  then  a&ed  upon  by 
means  of  refpi ration.  During  that  procefs,  the  vital  air 
forms  combinations,  carbonic  acid  and  azot  are  difen- 
gaged,  but  both  do  not  appear  internally  at  the  fame 
•time.  The  azot  gas  only  appears  when  the  quantity  of 
carbonic  acid  formed  by  the  vital  air,  and  mixed  with 
the  refpired  air,  diminifhes  in  this  air  the  property  of 
•difengaging  frefh  acid  from  the  lungs,  which  is  the  cafe 
when  bad  air  is  breathed.  Then  the  azot,  which  is 
probably  alfo  difengaged,  but  which  combined  with  the 
chyle  in  proportion  as  this  loft  it's  carbonaceous  princi- 
ple, finding  no  more  to  combine  with,  departs  with  the 
air  in  the  form  of  gas. 

It  is  therefore  probable  that  in  this  cafe  the  principle 
vof  the  carbon  is  furnifhed  by^he  chyle,  and  the  azot  by 
the  blood,  and  that  a  real  exchange  is  made  as  in  the 
procefs  of  digeftion,  L  e»  the  chyle,  on  lofing  a  part  of 
it's  carbon,  receives  in  lieu  of  it  the  azot  feparated  from 
the  blood,  and  by  this  mechanifm  is  animalized  and 
affimilated.  It  may  be  faid  that  the  blood  likewife 
affimilates  itfelf,  becaufe  without  this  exchange,  which 
-deprives  it  of  an  excefs  of  azot,  it  would  be  too  much 
animalized,  and  at  laft  become  alkalized,  which,  in  ef- 
fect, always  takes  place  when  a  long  abftinence,  or  food 
which  is  too  much  animalized,  prevents  the  humours 
from  receiving  their  neceffary  temperature  by  the  mixture 
of  a  mild  chyle. 

It  may  be  afked,  if  the  refpiration  would  ceafe  to  pro- 
P4 
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tluae  carbonic  acid  gas,  in  confequence  of  a  long  faft, 
and  at  laft  only  produce  azot  gas,  which  would  fecm  to 
be  the  confequence  of  this  fyftem.  Experiments  are 
wanting  to  anfwer  this  queftion  ;  but  prefumption,  an4 
two  facts  ftated  by  Jurine.  almoft  afilire  the  affirmative. 
The  one  proves,  that  in  the  procefs  that  follows  the 
digeftion  of  the  aliment,  and  which  is  accompanied  by 
a  fenfible  increafe  of  heat,  and  an  accelerated  pulfe,  the 
proportion  of  carbonic  acid  formed  by  the  refpiration  in 
equal  quantities  of  air,  is  much  greater.  The  other 
Hates,  that  in  fevers,  the  contrary  takes  place,  for  the 
proportion  of  carbonic  acid  is  diminifhed,  and  that  of 
azot  gas  increafed. 

After  this  important  operation,  follows  that  which  is 
the  refult  of  the  functions  of  the  fkin.  From  the  furface 
of  this  organ,  the  vital  air  likewife  difengages  a  portion 
of  the  carbonic  principle,  with  which  it  forms  carbonic 
acid  $  and  if  it  be  true,  as  an  experiment  of  Dr.  Prieftley 
appears  to  prove,  although  contradicted  by  thofe  of 
Cruickfhanks  and  Jurine,  that  the  air  which  has  remain- 
ed in  contact:  with  the  fkin  appears,  on  trying  it  with 
nitrous,  to  be  meliorated,  and  to  have  loft  during  this 
contact  a  part  of  it's  azot  gas,  the  confequence  would 
alfo  be,  that  the  humours  become  animalized  in  the  fkin 
by  a  mechanifm  analogous  to  thofe  of  digeftion  and  ref- 
piration ;  at  leaft  it  appears  certain,  that  a  difengagement 
of  the,  carbonaceous  principle  really  takes  place  in  this 
organ,  but  the  ignorance  which  covers  the  real  nature  of 
cutaneous  perfpiration,  ftill  involves  this  fubject  in  ob- 
fcurity.     Vide  Refpiration. 

£>uch  are  the  modifications  made  by  Fourcroy  on  the 
fyftem  of  Halle,  and  the  obfervations  which  the  ftate  of 
the  fcience  allowed  him  to  make  on  the  procefs  of  ani- 
malization.     The  fa6ts  which  have  fince  been  brought  tq 
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lights  are  very  few,  and  are  fcarcejy  fufficient  to  afford 

any  further  explanation  than  what  this  chemift  has  given 

us  5  before,  however,  this  article  is  concluded,  it  will  be  Conciufioq. 

neceflary  to  mention  the  little  that  remains. 

It  is  the  opinion  of  feveral  of  the  mod  celebrated  che-  0Pinion  of 

•  •  Parraentier 

milts,  and  particularly  of  Parmentier  and  Deyeux,  that  andDeyeux, 
the  different  folids  and  fluids  of  the  body  are  created  by 
the  procefs  of  animalization  from  the  remote,  and  not 
from  the  proximate  parts,  and  confequently,  that  the 
vital  organization  does  not  take  from  the  aliments  albu- 
men, gelatin,  fibrin,  fulphur,  phofphorus,  foda,  lime, 
or  iron,  all  of  which  they  look  upon  as  compofitions, 
but  only  their  ultimate  parts  which  are  neceflary  for  their 
formation. 

Thus,  in  the  blood,  the  different  fubftances  it  contains 
are  not  extracted  immediately  from  the  aliments,  fince  in 
fpite  of  their  infinite  variety,  this  fluid,  whatever  be  it's 
origin,  conftantly  furnifhes  the  fame  principles  on  ana- 
lysis, and  they  even  appear  fo  neceflary  to  it's  compofi- 
tion,  as  not  to  be  able  to  exift  without  them.  Hence 
thefe  chemifts  think,  that  it  will  be  ufelefs  in  future  to 
endeavour  to  fearch  in  aliments  and  drinks  for  fuch  of 
their  parts  as  ought  to  ferve  in  the  formation  of  the  chyle, 
the  blood,  bile,  &c,  or  to  pretend  to  give  a  reafon  for 
the  transformation  of  the  one  into  the  other,  without 
changing  their  nature.  Before  undergoing  this  tranf- 
formation,  it  is  neceflary  for  thefe  fubftances  to  be  ex- 
pofed  to  the  action  of  the  ftomach  and  inteftines,  to  pafs 
through  all  the  periods  of  decompofition,  and  that  the 
gafeous  materials,  or  aeriform  fluids  arifmg*  undergo  a 
certain  fabrication  in  the  different  organs,  fo  as  to  form 
the  various  matters  of  the  body,  with  modifications  per 
,culiar  to  each  individual  fpecies,  according  to  it's  phyfica} 
conftitution,  whether  healthy  or  vitiated  by  fome  morbi7 
fie  affection. 
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Other  opi*  It  has  already  been  afifertcd,  that  the  remote  parts  of 
animal  fubftances  are  reduced  to  nine,  viz.  azot,  oxygen, 
hydrogen,  carbon,  foda,  fulphur,  phofphorus,  lime,  and 
iron,  and  that  the  principal  difference  between  animals 
and  vegetables  confifted  in  the  prefence  or  proportion  of" 
azot,  which  the  firft  contained  in  fuch  large  quantity. 

It  might  therefore  be  concluded,  that  the  grand  pro- 
cess of  animalization  confifted  in  the  fixation  of  azot,  and 
the  addition  of  it  as  the  principal  phenomena  of  animal 
organifm ;  but  it  has  been  obferved  by  the  lateft  phyfio- 
logicai  chemifts,  that  this  phenomenon  ought  not  to  be 
confidered  fo  much  the  effect  of  the  fixation  of  a  new 
quantity  of  this  principle,  as  the  fubtraction  of  the  other 
principles,  by  which  the  proportion  of  the  firft  muft  be 
in  confequence  increafed.  It  is  thus,  for  inftance,  that 
the  function  of  re fpi ration,  by  gradully  difengaging  a  great 
quantity  of  hydrogen  and  carbon,  which,  by  uniting  the 
one  with  the  oxygen  to  form  water,  the  other  with  ano- 
ther portion  of  oxygen  to  form  carbonic  acid,  muft  necef- 
farily  increafe  the  proportion  of  azot.  A  large  proportion 
of  this  principle  being  thus  accumulated,  is  ready  to  be 
united  with  more  or  lefs  of  the  other  remote  parts  in  dif- 
ferent proportions,  to  form  the  various  animal  fubftances 
of  which  a  body  is  compofed, 

Humboldt.  According  to  Humboldt,  this  union  by  the  function 
of  animalization  is  brought  about  by  the  intermedium  of 
the  galvanic  fluid.  Thus  the  carbon  and  hydrogen,  com- 
bined by  means  of  this  galvanic  fluid,  form  oils.  The 
hydrogen  and  carbon,  combined  with  the  oxygen  by  the 
fame  means,  form  acids.  The  hydrogen,  combined  with 
the  azot,  forms  foda,  and  fo  of  the  compofition  of  the 
reft  of  animal  fubftances,  all  being  formed  by  the  inter- 
vention of  this  fluid,  the  nature  and  properties  of  which 
are  at  prefent  not  understood,  although  this  chemift  looks 
upon  it  to  be  the  nervous  fluid.    With  refpect  to  lim* 
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and  iron/  he  does  not  confider  them  as  new  products  in 
the  animal  body,  but  as  furnifhed  by  the  aliments.  Da 
la  Metherie,  however,  as  well  as  feveral  other  chemifts, 
affirms,  that  the  vital  power  is  able  by  certain  organized 
parts  to  form  thefe  two  fub (lances  as  well  as  fulphur  and 
phofphorus,  and  of  courfe  that  they  are  as  well  as  foda 
compofed  of  remote  parts ;  and  this  conjecture  is  ren- 
dered very  probable  by  feveral  late  experiments :  thus 
Vauquelin  found,  that  the  formation  of  both  lime  and 
phofphorus  was  effected  by  the  function  of  animalization 
in  the  hen  (vide  Fceces),  and  the  large  quantity  of  the 
phofphat  of  lime  found  in  milk,  and  the  {hells  of  all  ani- 
mals, which  cannot  be  accounted  for  by  any  other  means, 
appears  greatly  to  fupport  the  hypothefis,  that  it  is  the 
product  of  the  vital  powers ;  whilft  Fourcroy  attributes 
the  abfence  df  the  phofphoric  acid  in  the  blood  of  the 
fcetus  to  the  want  of  refpiration.  With  refpect  to  foda, 
it  is  only  by  the  fame  way  of  explanation  that  it's  pre- 
fence  can  be  accounted  for  in  graminivorous  animals; 
and  as  to  fulphur  and  iron,  there  is  great  fufpicion  that 
they  are  of  the  fame  manufactory,  and  fabricated  by  the 
fame  powers  applied  to  a  different  organization.  The 
fame  may  be  faid  of  the  acids,  &c. 

Hence  it  appears,  that  the  organifm  neceflary  to  ani- 
malization has  the  power  of  reducing  aliments  to  their 
remote  component  parts,  and  of  forming  or  creating  new 
fubfiances  from  them;  but  the  fublime  procefs  that  pro- 
duces all  thefe  combinations,  the  mechanifm  by  which 
thefe  tranfmutations,  modifications,  and  affimilations 
are  fo  conftantly  executed,  and  with  fo  much  harmony, 
in  the  organized  world,  are  (till  fecrets  which  we  are  not 
able  to  penetrate. 

Firft  Part  of  a  Dictionary  of  Chemiftry,  &c.  by  J.  Ker, 
F.R.S.&S. A.Birmingham, p.  192.  Animalization.  1789. 
— Eflai  de  Theorie  fur  1' Animalization  et  PAffimilation. 
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des  Aliments,  parM.  Halle,  M.  D.  Annal.  de  Chimie, 
torn.  2.  p.  158. — Encyclop.  Method,  tom.  2,  Chimie.  p, 
308.  Paris,  1792. — Humboldt,  &e.  Verfuch  einer  Phy- 
fifchen  Darftcllung  der  Lebenskrafte,  &o.  extracted  in 
the  Journal  de  Phyfique,  p.  32.  art.  Phyfiologie  AnU 
male,  tom.  xlviii.  An  7.  de  la  Republique, 
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DEATH  AND  PUTREFACTION. 

It  was  the  opinion  of  moft  of  the  ancients,  that  no-  Opinion?  of 
thing  perifhed  during  corruption.     Pythagoras  afferted  ^death? 
there  was  only  a  change  in  the  modifications  of  matter, 
and  that  real  annihilation  was  impoffible,     Plato  relates 
it  as  an  ancient  tradition,  that  the  living  fpring  from  the 
dead,  and  the  dead  from  the  living,  and  that  this  is  the 
conftant  circle  of  nature.     Hippocrates  thought  that  all  Hippocra- 
antmated  or  living  animals,  being  compofedof  two  prin- 
ciples, fire  and  water,  their  qualities  communicated  with 
each  other,  affording  that  infinite  variety  which  appears 
in  all  the  beings  of  the  world  ;  and  that  at  death  nothing 
perifhes,  but  the  parts  only  change  their  form  by  mixing 
or  feparating  from  each   other.   Diogenes,  Apollonius  Diogeres 
and   Parmenides  feem   to  have  held   fimilar'    opinions.  nides. 
Ariftotle's   ideas  were  not  different,  for  he   fays,  with  Ariftotle. 
refpecl  to  fubftances,  that  the  generation  of  the  one  is  the 
corruption  of  the  other,  and  vice  verfa. 

Among  the  Roman  authors,  Lucretius,  in  his  philofo-  Lucretius, 
phical  poem,  called  The  Nature  of  Things,  has  beauti- 
fully defcribed  thefe  ideas  of  the  Greeks. 

"Befides,  as  nothing  nature's  power  creates, 
So  death  diffolves,  but  not  annihilates. 
For  could  the  fubftances  of  bodies  die, 
They  prefently  would  vanifh  from  our  eye  5 
Diffolving,  without  force,  they'd  perifh  all,     , 
And  filently  into  their  nothing  fall. —  ' 

C{  If  all  things,  over  which  long  years  prevail, 
Did  wholly  perifh,  and  their  matter  fail, 
How  could  the  powers  of  all-kind  Venus  breed 
A  conftant  race  of  animal  to  fucceed  ? 
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Or  how  the  earth  eternally  fupply, 

With  conilant  food,  each  his  necefiity  ? 

"  But  fince  the  feed's  eternal,  and  the  frame 
Of  bodies,  and  their  union  not  the  fame, 
Things  may  fecure  and  free  from  danger  (land, 
Until  fome  envious  force  (hall  break  the  band, 
Thus' death  diffolves  alone,  death  breaks  the  chain 
And  fcatters  things  to  their  nrft  feeds  again." 

Creech. 


Modems. 
Leibnitz. 


Signs  af 
death. 


Leibnitz,  among  the  moderns,  has  expreffed  fimilar 
ideas.  All  things  are  compofed  of  monads,  according  to 
this  philofopher,  which  are  fimple,  indivifible  fubftances; 
they  are  the  real  elements  of  nature,  and  as  fuch  there  is 
no  fear  of  their  diffolution.  There  can  be  no  conception 
of  a  fimple  fubftance  perifhing  naturally,  but  every  thing 
that  perifhes,  perifhes  by  diffolution  into  it's  fimple  parts, 
and  every  thing  that  is  formed,  is  formed  by  compofi- 
tion.  Monads,  therefore,  can  only  exift  or  ceafe  an  in- 
ftant,  by'creation,  or  annihilation,  each  monad  being  in 
a  continued  change  or  viciflitude.  Hence  it  appears, 
that  neither  the  ancients  nor  Leibnitz,  although  they  had 
no  idea  of  the  compofition  of  animal  fubftances,  ever 
thought  that  death  wus  their  extinction,  but  that  they 
again  revived  under  new  forms  and  circumftanccj. 

Death  may  be  defined  the  abfence  of  life,  and  as  it  is 
of  great  moment  to  be  able  to  afcertain  it  with  certainty, 
feveral  methods  have  been  proved  to  enable  the  phyfician 
to  di ft inguifh  between  it's  apparent  and  real  ftate.  Beh- 
rends  and  Creve  were  the  firft  to  prefent  to  the  world 
galvanifm  as  the  proper  teft ;  the  latter  in  particular  has 
made  many  experiments  to  afcertain  the  fact.  This  me- 
thod is  remarkable  for  it's  simplicity  and  convenience. 
Upon  any  anxiety  refpecting  a  fufpicion.  of  a  body  being 
Viot  dead,  a  naked  nerve  is  put  into  contact  with  a  pair  of 
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metallic  rods  compofed  of  filver  and  zinc,  and  this  will 
refolve  the  important  problem,  whether  any  irritability 
ftill  remains,  and  confequently  whether  the  recovery  of 
the  corpfe  be  poffible.  Humboldt,  however,  although 
he  rejects  this  as  an  infallible  guide,  is  of  opinion,  that 
it  will  afcertain  the  object  to  a  great  degree  of  probability, 
and  hence  recommends  it's  employment  as  of  great  ufe. 

The  only  certain  fign  of  death  is  putridity.  It's  pre-  Putridity 
fence  never  deceives.  When  the  vital  principle,  or  as  tafnfign  of 
Hippocrates  calls  it,  the  vital  flame,  is  extinguifhed  in  "' 
animals,  their  fpontaneous  decompofition  commences, 
and  this  is  called  the  putrid  fermentation,  or  putrefaction. 
The  object  of  nature  in  fubmitting  ihem  to  this  procefs, 
appears  to  be,  to  reftore  to  their  primitive  elements  what 
life  had. united,  by  means  of  it's  different  functions,  to  form 
a  compofite  organized  body.  The  matters,  therefore,  that 
formed  the  bodies  of  animals,  are  reduced  to  their  primi- 
tive fimple  flate,  that  in  procefs  of  time,  by  uniting  again 
with  life,  through  organization,  they  may  be  employed 
in  the  formation  of  new  complex  bodies,  whether  of  the 
vegetable  or  animal  fpecies  ;  and  this  would  feem  to  be 
the  fpeedieft  procefs  by  which  the  ultimate  parts  of  bo- 
dies, no  longer  fufceptible  of  being  united  to  life  under 
one  particular  form,  are  tranilated  to  another.  Thus  is 
nature  aferiesof  revolutions,  a  fucceffion  of  compofition 
and  decompofition,  of  production,  and  of  deftruction. 

There  are  a  number  of  authors  who  have  written  on  Author«oo 
putrefaction,  the  principal  of  which  are  Beccher,  Stahl,  $£f 
Hales,  Pringle,  Macbride,  Geber,  Beaume,  and  Gar- 
dani,  fome  of  which  have  defcribed  with  great  care  many 
of  the-phenomena  that  accompany  the  putrid  change  in 
different  bodies;  but  although  they  have  in  fome  meafure 
cleared  this  fubject  of  the  obfeurity  it  was  in  before  the 
time  of  Bacon,  many  more  experiments  and  obfervations 
are  neceflary,.  to  give  a  full  and  fatisfactory  explanation  of 
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the  circumftances  attending  this  fpontaneous  operation  cf 
nature.  Their  great  merit  has,  perhaps,  been  to  point 
out  the  way  to  others  who  are  defirous  of  attempting  a 
more  minute  inveftigation. 

As  upon  all  other  fubje&s,  there  have  been  various 

Stahl.  opinions   refpe&ing  the   nature  of  putrefaction.     Stahl 

affirmed  it  to  be  a  real  fermentation,  and  he  confidered 
it  as  the  end  or  laft  ftage  which  all  animal  and  vegetable 
fubftances  are  made  to  undergo  by  the  fermentative  pro- 
ceflfes;  and  almoft  all  the  later  chemifts,  fuch  as  Weigel, 
Gmelin,  Macquer,  and  Morveau,  feem  to  have  been  of 
the  fame  opinion^ 

Boerhaave. ,      Boerhaave  afferted  that  it  was  not  a  fermentative  pro- 
cefs, but  that  it  was  eflentially  different  from  it,  and  he 
appealed  to  well  known  fa6ls  in  his  fupport.     Scopoh 
fided  with  Boerhaave,  forming  his  decifion  from  the  fame 
circumftances,  viz.  that  putrefaction  difengages  volatile 
alkali,  decompofes  all  the  fixed  parts  of  organized  bo- 
dies, and  produces  nothing  but  earth,  and  fome  effluvia, 
which  though  moft  difagreeable,  and  even  poifons  to  the 
human  body,  yet  being  imbibed  by  the  earth  and  vege- 
table creation,  give  life  to  a  new  race  of  beings  ;  whilft, 
on  the  contrary,   during  the  fermentative  procefs,  the 
fibrous  texture  of  fubftances  remain  undecompofedj  and 
the  productions  are  only  fixed  air,  wine,  fpirits  of  wine, 
and  vinegar.     It  would  appear,  however,  that  Stahl  did 
not  look  upon  putrefaction  to  be  different  from  the  vinous 
and  acetous  fermentations,  and  that  they  were  entirely 
independent  on  each  other,  but  only  regarded  the  three 
as  being  principal  degrees  of  the  fame  fermentative  mo- 
tion by  which   all  compofed  bodies  are  difTolved  and  re- 
duced  to  the  fame  ft  ate ;  hence,    that  putrefaction  was 
a  kind  of  fermentation  or  rather  the  laft  ftage   of  that 
procefs,  beginning  with   the  vinous,  going  through  the 
acetous,  and  ending  with  the  laft  ftage  of  putridity.     It 
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has  likevvife  been  alleged,  that  if  it  be  a  fermentation, 
it  muft  neceiTarily  be  a  diftinet  kind,  fince  we  frequent- 
ly obferve  it  taking  place,  where  neither  of  the  other 
itages  had  preceded  it,  which  proves  that  in  fome  cafes 
at  lead,  it  muft  be  entirely  independant  of,  and  uncon- 
nected with  them.  Putrefaction  has  likewife  been  re- 
garded as  a  fpecies  of  ignition  :  it  is  faid  that  the  power 
it  has  of  converting  every  thing  into  earth,  is  evidently 
performed  by  an  expanfive  power,  that  in  confequence,  of 
this,"  the  body  firft  fwells,  then  burfts;  vapours  are  ex- 
tricated and  fly  off,  and  the  particles  fall  afunder  from 
each  other,  which  are  the  very  effects  the  action  of  fire 
produces  upon  any  combuftible  body  ;  hence  it  is  pro- 
bable that  the  agent  in  the  air  confidered  as  the  caufe  of 
putrefaction,  is  no  other  than  the  fire  itfelf ;  i.  e.  the 
ethereal  fluid  expanding  itfelf  every  where,  and  that  in- 
ftead  of  an  emiffion  of  flame,  which  ignition  is  attended 
with,  putrefaction  is  accompanied  with  a  production  of 
azotic  gas. 

All   organized,    and  particularly  animal    fub (lances,  Subj  as  of 
undergo  the  putrid  fermentation;  and  Leonhardi  is  6fJ^n¥ 
opinion,  that  a  flight    acetous  fermentation  takes  place, 
previous  to  it;  this  may  proceed  from  the  gelatin,  which 
under  certain  circumftances,  as  in  broth,  is  faid  to  be 
fabject  to  the  acetous  procefs. 

The  putrefaction  or  fpontaneous  decompefition  of  Various 
animal  fubftances,  may  be  divided  into  as  many  fpecies  trda&io». 
as  there  are  chemical  agents  in  nature  capable  of  pro- 
ducing it,  thus,  when  it  takes  place  in  the  open  air,  it 
may  be  called,  atmofpherk  putrefaction*  But  when  in 
confequence  of  bodies  not  being  expofed  to  the  external 
air,  a  decompofition  takes  place  amongft  their  component 
parts,  and  new  combinations  arife,  the  products  ar$ 
totally  different.  In  thefe  cafes,  the  principal  effect  is 
their  being  deprived  of  their  azot ;  fuch  is  the  cafe  when 
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bodies  arc  heaped  together  in  the  earth,  and  hence  it 
may  be  called  terraneous  putrefaction ;  or  under  water, 
giving  rife  to  the  ajueous  putrefaction.  In  all  thefe  cafes 
where  the  air  is  excluded,  a  more  or  lefs  oily  mafs  is 
produced.  The  fame  took  place  during  the  interna/  pu- 
trefaction of  the  human  liver,  as  defcribed  by  Four- 
th roy. 
I.  Atmo-  1.  Jtmofphcric  Putrefaiiion.  When  an  animal  fub- 
trctadUon!"  ^ancc  *3  expofed  to  the'atmofpheric  air,  fo  as  to  give  rife 
to  it's  fpontaneous  decomposition,  it  panes  with  more  or 
lefs  rapidity  through  the  following  changes,  particularly 
affecting  it's  colour,  fmell,  and  confidence.  It  becomes 
of  a  paler  colour,  it's  confidence  is  diminiflied;  if  it  be 
folid  as  Hefl],  for  indance,  it  foftens,  and  a  ferous  kind  of 
matter  oozes  out,  it's  colour  quickly  changes,  it  becomes 
relaxed  in  it's  texture,  and  it's  organization  is  deftroyed  ; 
it  has  a  faint  and  difagreeable  fmell,  it  finks  down  and  is 
diminifhed  in  bulk,  and  it's  fmell  becomes  flronger  and 
alcaline.  If  the  fub fiance  be  contained  in  a  clofe  venel, 
the  progrefs  of  putrefaction,  according  to  Fourcrov,  feems 
to  flackcn  at  this  (lage,  and  no  other  fmell  but  that  of  a 
pungent  alcali  is  perceived  ;  it  eifervefces  with  acids,  and 
changes  the  blue  of  violets  to  a  green  colour.  If,  how- 
ever, the  communication  of  the  air  be  admitted,  the 
urinous  exhalation  is  diffipated,  and  a  peculiar  putrid 
fmell  extends  itfelf  with  great  impetuofity,  and  of  the 
moft  infupport^able  kind.  This  fmell  continues  a  long 
time,  fpreads  every  where,  pervades  every  place,  and  af- 
fects the  healths  of  living  animals  fo  as  to  produce  putrid 
difeafes.  This  fmell  Fourcroy  obferves,  is  conne&ed,  and 
as  it  were  confined  by  the  volatile  alcali,  which  when 
volatilized,  is  fucceeded  by  the  putrefactive  procefs,  be- 
coming active  a  fecond  time,  the  fubflance  fuddenly 
fwells,  is  filled  with  bubbles  of  air,  but  foon  after  fub- 
fides  again.  The  colour  now  changes,  the  fibrous textureof 
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the  flem  is  fcarcely  to  be  diftinguifhed,  and  the  whole  is 
converted  into  a  foft  pulpy  brown^  or  greenifti  matter, 
of  the  confidence  of  poultice,  with  a  faints  naufeous, 
and  difgufting  fmell,  that  is  very  active  and  contagious. 
This  fmell  gradually  fubfides,  the  fluid  portion  of  the 
flefh  affumes  a  kind  of  confidence ;  it  becomes  of  a  deep- 
er colour,  and  the  whole  is  finally  reduced  to  a  friable 
matter,  fomewhat  deliquefcent,  which  on  being  rubbed 
between  the  fingers,  breaks  into  a  coarfe  dark  powder 
like  earth.  This  is  the  laft  (late  animal  fubftances  un- 
dergo during  this  procefs,  for  which  a  confiderable  time 
is  neceffary.  For  the  total  deft  ruction  of  the  whole  body 
of  an  animal,  it  is  faid  that  eighteen  months,  two  or 
even  three  years  are  fcarcely  fufficient  when  expofed  to 
the  external  air. 

During  the  time  animal  matters  are  undergoing  the  Produ&s 
above  changes  of  decompofition,  their  component  parts 
fly  ofFj  or  form  new  combinations,  either  with  the  vital 
air  of  the  atmofphere,  or  by  fimple  attractions  between 
each  of  their  principles,  they  form  unions  amongft 
themfelves,  giving  rife  to  fimple,  binary,  and  even  ternary 
combinations.  The  produces  are  carbonic  acid  gas,  am- 
monia, nitric  acid,  fulphur,  phofphorus,  hydrogen  gas, 
and  the  fubftances  it  diflblves,  azot  gas,  Pruflian  blue  and 
heat,  which  being  difengaged  by  degrees  into  the  at- 
mofphere, diminim  in  proportion  the  mafs  of  animal 
matters,  and  there  remains  an  earth  behind. 

1 .  Carbonic  acid.  This  is  difengaged  from  putrefying  Carboni© 
bodies,  particularly  from  folid  parts,  in  large  quantity. 
The  quantity  appears  to  be  in  the  inverfe  proportion  of 
the  quantity  of  hydrogen  gas  extricated,  for  at  firft  it  is 
in  large  proportion,  and  the  hvdrogen  gas  in  fmall  pro- 
portion, but  afterwards  the  contrary  takes  place.  The 
firft  product  Lavoifier  obtained  from  the  fecal  matter  of 
a  neceffary  in  a  putrid  ftate,  was  thefe  two  gafes  mixed 
U2 
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together ;  1 1  parts  of  carbonic  acid,  and  one  of  azot  gas. 
The  temperature  was  at  8°  or  10°  of  Reaumur.  '  Prieft- 
ley  has  likewife  afcertained  their  proportion  and  quan- 
tity. Having  let  4  pennywts.  6  grs.  of  lean  mutton  be- 
come putrid,  he  obtained  2  -£-*-  oz.  meafures  of  gas,  of 
which  2  Tb5o  were  carbonic  acid  gas,  the  remainder  hy- 
drogen gas.  Corvinus  long  ago  obtained  a  quantity  of 
elaftic  fluid,  from  putrid  fubftances,  one  of  which  was 
imbibed  by  water,  the  other  not,  they  were  therefore  very 
probably  the  fame  gafes. 

The  carbonic  acid  has  been  fuppofed  to  have  already 
exifted  in  animal  fubftances  expofed  to  putrefaction,  and 
to  have  been  only  extricated  during  that  procefs ;  but 
Lavoifier  found  that  new  fecal  matter  would  not  efFervefce 
with  acids,  whilft  an  effervefcence  took  place  with  it  in 
it's  old  ftate,  which  certainly  is  againft  this  fuppofition  : 
fome  chemifts,  and  particularly  Berthollet  have  aflerted, 
that  it  arifes  from  the  decompofition  of  the  water,  that  the 
vital  air  unites  with  a  portion  of  the  carbon  of  the  animal 
matter,  and  forms  carbonic  acid,  tvhilft  the  other  prin- 
ciple of  the  water,  the  hydrogen,  is  fet  at  liberty  in  the 
'  form  of  a  gas;  hence  two  gafeous  fubftances  are  obtained, 
the  carbonic  acid  and  hydrogen  gafes.  There  is,  how- 
ever, fome  doubt  of  this  origin  of  the  carbonic  acid  ; 
and  other  chemilb  are  of  opinion  the  oxygen  is  fupplied 
by  the  atmofphere,  fince  there  is  no  extrication  of  car- 
bonic acid,  unlefs  the  fubftances  are  in  contact  with  the 
atmoipheric  air.  It  is  in  large  quantity  in  the  beginning 
of  putrefaction,  at  which  time  it  only  exifts.  It  is  the 
gas  that  is  often  fo  fatal  to  people  who  defcend  into 
vaults,  and  thofe  places  where  animal  fubftances  are  left 
to  putrefy. 
Ammonia.  2.  Avimoma.  It  was  long  fuppofed  that  ammonia  al- 
ready exifted  in  animal  fubftances  before  putrefaction 
commenced,  but  Berthollet  found  that  when  frefh,  no 


PUTREFACTION.  229 

animal  matter  contained  it  perfectly  formed,  and  that 
when  deprived  of  azot,  by  the  nitrous  acid,  they  no  longer 
afforded  ammonia  by  any  means,  particularly  by  diftil- 
Jation.  It  has  been  before  obferved,  that  animal  fub- 
ftances contained  a  large  portion  of  azot,  and  this  ac- 
counts for  the  origin  of  ammonia;  the  azot  combining 
with  the  hydrogen  of  the  water,  {where  oxygen,  orat  lead 
part  of  it  formed  carbonic  acid  with  the  carbon,)  forms  a 
union,  which  being  let  loofe,  is  the  volatile  alcali  fo  very 
prevalent  amongft  putrid  fubftances  by  it's  pungent  fmell. 
It  is  neceffary,  however,  for  the  formation  of  this  alcali, 
that  the  two  principles  meet  and  unite  at  the  time  they 
are  difen  gaged,  and  juft  taking  the  gafeous  form;  for  if 
both  the  azot  and  hydrogen  were  enveloped  in  their  folid 
combination,  no  union  could  take  place,  which  happens 
in  thofe  animal  matters  that  have  undergone  no  alteration; 
^./on  the  contrary,- one  of  thefe  two  principles  is  developed 
without  the  other,  and  feparates  from  the  matters  that 
contain  it  in  the  form  of  an  elaftic  fluid,  the  produc- 
tion of  this  alcali  is  equally  prevented,  as  is  the  cafe  when 
the  nitric  acid  is  ufed.  But  by  the  flow  and  gradual  ac- 
tion of  putrefaction,  or  by  that  of  fire  increafed  by  de- 
grees, as  in  diftillation,  the  intimate  union  of  thefe  two 
principles  is  accomplished,  by  favouring  their  flow  and 
fimultaneous  evolution,  and  by  carrying  them  within  the 
reciprocal  attraction  of  each  other.  It  is  from  the  fame 
circumftances  perhaps,  that  Gaber  was  not  able  to  dis- 
cover any  ammonia  in  putrid  fubftances,  either  in  the 
beginning  of  that  (late,  or  towards  the  end,  and  which 
led  him  to  deny  the  exiftence  of  it  at  thefe  periods  of  pu- 
trefaction. Crell  likewife  found  it  was  not  to  be  met 
with  at  all  periods;  he  is,  however,  of  opinion,  that  it's 
prefence  is  to  be  found  as  long  as  the  putrid  fmell  con-r 
tinues,  whilft  Porner  affirmed  it's  prefence  to  be  a  fign,  that 
the  putrefactive  procefs  has  arrived  at  it's  greateft  height, 
Q3 
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and  is  approaching  to  an  end.'  From  the  facts  of  the  pro- 
duction of  ammonia,  it  appears  that  nature,  by  allotting 
to  animal  fubftances  the  property  of  forming  this  alcali, 
has  given  one  of  the  principal  means  of  their  decompo- 
fition,  and  fpontaneous  deftruction ;  for  as  foon  as  the 
azot  feparates  to  unite  with  the  hydrogen,  the  bond  of 
their  intimate  compofition  is  relaxed  ;  this  alcalefcence 
may  then  be  looked  upon  as  a  fign  of  great  diffolution 
and   perfect  diforganization,    which  cannot  take  place 
in  animal    matters,  without  bringing  on  their  total  de- 
ft  ruction. 
Probability      There  is  great  reafon  to  believe  that,  befides  this  al- 
mation  alio  cali,  the  two  others,  viz.  potafli  and  foda,   may  be  pro- 
an/foda1     duced  during  putrefaction,   although   their  component 
parts  are  at  prefent  not  well  ascertained.     There  is  an  ac- 
count by  Morveau,  in  his  experiments  on  the  effects  of 
different  gafes  on  flefh,   that  having  fufpended  a  piece  of 
lean  beef  in  a  bottle,  filled  with  nitrous  gas,  which  was 
covered  with  a  moift  piece  of  bladder,  and  well  tied,    he 
found  on  opening  it  five  years  after,  that  cryftals  of  nitre 
were  formed   in  it;    real   nitre  is  likewife  found  near 
privies,  as  particularly  inftanced  by  Dr.  Wall.     The  for- 
mation of  the  nitrous  acid  may  be  accounted  for  from 
the  exiftence  of  it's  radical,   but  that  of  the  potafli  is  dif- 
ficult to  explain.     Thouvenel,   who  appears  to  have  ob- 
ferved  a  fimilar  phenomenon,  admits  an  epoch  of  alcalef- 
cence in   putrefaction,   after  that  of  acrfcence.     The  fame 
author  has  obferved,  that  where  putrid  fubflances  are  ex- 
pofed  for  the  formation  of  faltpetre,  the  mineral  alcali  is 
likewife  formed. 

3.  Nitric  acid.  It  had  long  been  known  that  the 
putrid  fermentation  was  very  neceffary  to  the  formation 
of  nitre,  and  Kunckel,  Vieuffens,  and  Homberg  had 
remarked  that  putrid  plood  when  dried  and  expofed  to 
the  air  afforded   it  in  large  quantity.     Juncker  relates 
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that  Kunckel  having  let  fome  blood  putrefy,  until  it  was 
reduced  to  an  earth,  lixiviated  and  evaporated  the  liquor 
until  a  pellicle  appeared,  and  obtained  from  1001b.  of 
blood,  rather  more  than  5lb.  of  cryftallized  nitre.  Bu£ 
the  mod  direct  and  Ample  experiment  was  made  by  the 
Commimoners  of  the  Academy :  they7  put  fome  chalk  well 
lixiviated  in  boiling  water  into  bafkets,  and  expofed  them 
to  the  vapour  of  putrid  ox  blood,  at  about  two  feet  dif- 
tant  from  each  other ;  when  at  the  end  of  a  few  months, 
the  chalk  was  found  to  contain  four  or  five  ounces  of 
faltpetre  for  each  quintal ;  from  which  they  conclude, 
that  the  nitrous  acid  is  produced  by  the  union  of  the 
vital  and  the  putrid  airs,  provided  everv  thing  is  tranquil, 
and  the  atmofpheric  air  is  renewed  by  little  at  a  time, 
and  flowly.  Thouvenel  made  fome  experiments  on  this 
fubjeel:,  by  putting  into  different  vefTels  air  difengaged 
from  putrid  matters,  with  various  aeriform  fluids,  and 
into  which  he  had  previoutly  put  fome  alcali  or  earth,  in 
order  to  fix  the  acid,  and  he  found  1.  that  at  the  end  of  a 
few  months,  nitrous  acid  was  only  formed  in  that  vefTel 
in  which  was  vital  or  atmofpheric  air.  2.  That  chalk 
always  afforded  it  when  expoied  to  the  mixture,  and 
other  foluble  earths,  and  alcalis  very  rarely.  3.  That  of 
all  animal  matters,  blood  affords  it  in  greateft  abund- 
ance, and  during  the  longeft  time.  Since  'the  difcovery 
of  Berthollet,  that  azot  is  fo  abundant  in  animal  fub- 
ftances,  and  fince  the  compofition  of  the  nitric  acid  has 
been  found  to  contain  that  principle,  as  one  of  it's  com- 
ponent parts,  fome  light  has  been  thrown  on  this  ob- 
fcure  fubjeel: ;  and  the  formation  of  this  acid  is  now  ac- 
counted for  by  fome  chemifts,  from  the  vital  air  of  the 
atmofphere  uniting  with  the  azot,  which  is  extricated  in 
the  form  of  gas  from  the  putrid  matter;  whilft  others 
on  the  contrary,  as  Fourcroy,  allege,  that  there  is  a  de- 
compofition  of  the  water,  and  that  the  oxygen  is  fumifhed 
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by  that  fluid.  It  was  affirmed  by  Shaw,  that  the  pro- 
duction of  this  acid  was  only  during  the  laft  ftage  of  pu- 
trefaction. It  has  alfo  been  obferved,  that  it  is  not  a 
quick  but  a  very  flow  putrid  decompofition  that  produced 
the  greatcft  quantity  of  this  acid ;  that  a  too  great  degree 
of  moifture,  or  too  long  continued,  was  hurtful;  and 
from  the  experiments  of  Crell  it  appears,  that  a  mode- 
rate heat, .  fuch  as  fpring  and  autumn,  with  a  change 
every  fourteen  days,  or  once  a  month,  of  the  furface  of 
the  putrid  matter,  and  a  moift  atmofphere,  were  the  moft 
favourable  to  it's  generation. 
Sulphur.  4<  Sulphur.     According  to  De  la  Metherie,  this  fub- 

flance  has  been  found  in  feveral  places  where  putridity  is 
going  on,   as  on  the  fides  of  flails ;  and  according   to 
Rochefoucault,  it  was  found  cryftallized  on  the  walls  of 
fome  old  paffages  at  Paris,  arifingfrom  the  effluvia  of  pu- 
trefying fubftances  5   it  has  likewife  been  obferved  in  the 
dung  of  horfes,  and  is  fuppofed  to  be  the  produce  of  an 
incipient  putrefaction. 
Phofphorus.      5.  Phofpborus.     The  phofphorefcent  light  obferved  in 
putrid  fubftances,  and  particularly  in  putrid  fifh,  was  fup- 
pofed by  Lavoifier  to  be  occafioned  by  the  extrication  of 
phofphorifed  hydrogen ;  but  Davy  accounts   for  it  in  a 
different  way.     He  aflerts,    this  luminous  appearance 
arifes  from   the  liberation   of  nitric  phofacid>  previoufly 
formed   during  life,   by  the  combination  of  light  with 
oxygen  and   nitrogen.     He   found   by  experiment  that 
putrefying  fifh  are  equally  luminous  in  water,  when  boiled 
to  expel  the  air  and  phofoxygen. 
Hydrogen        6.  Hydrogen  gas.     This  is  another  production  of  pu- 
trefaction.    It   was  afcertained  by  Lavoifier  from  fome 
experiments  made  on  the  fecal  matter  of  a  necefiary,  that 
the  proportion  of  this  gas  increafes  with  the  progrefs  of 
putrefaction,  and  he  continued  to  obtain  it  for  feveral 
years  after  the  fixed  air  had  ceafed  to  be  produced,  al« 
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though  Prieflley  affirms  the  contrary.  Lavoifier  expofed 
four  inches  of  fecal  matter  to  24  inches  of  vital  air  under 
mercury,  and  in  ten  days  there  only  remained  22i  of  the 
air.  This  diminution  of  vital  air,  by  it's  expofure  to 
new  fecal  matter,  he  attributes  to  the  effect  of  a  fmall 
quantity  of  inflammable  air  difengaged ;  for  Prieftley  has 
obferved,  that  when  inflammable  air  is  difengaged  flowly 
from  fermentefcible  fubftances  into  vital  air,  there  is  an 
infenfible  union  between  thefe  two  airs  at  the  moment  of 
the  formation  of  inflammable  air*;  and  a  further  proof 
of  it's  being  this  air  which  a&s  on  the  vital  air  at  this 
moment  is,  that  if  inftead  of  new  fecal  matter,  which 
affords  very  little  inflammable  air,  old  fecal  matter,  or 
that  which  is  a  little  advanced  in  putrefaction,  be  ufed, 
it's  action  on  the  vital  air  is  greater  and  more  rapid,  and 
a  much  greater  diminution  takes  place  ;  at  the  fame  time 
the  inflammable  air,  which  would  have  been  obtained, by 
the  operation  in  veffels  void  of  vital  air,  difappears : 
hence  it  is  probable  that  it  effects  by  (low  means  what 
takes  place  immediately  in  cafe  of  combufKon.  (Vide 
carbonic  acid.) 

Hydrogen  gas  has  a  very  difgufting  fmell,  and  it  is 
found  to  be  capable  of  diffolving  fulphur,  phofphorus, 
and  even  carbon,  which  fubftance  it  depoflts  again  on  the 
addition  of  feveral  chemical  agents  after  the  folution  has 
taken  place.  It  is  therefore  afferted  by  feveral  chemi-fts, 
that  the  difagreeable  naufeating  and  even  infupportable 
flench  which  arifes  from  fubftances  in  a  putrid  ftate  is 
owing  to  hydrogen  gas;  either  in  it's  free  ftate,  or  holding 
in  folution  fulphur,  in  which  ftate  it  is  called  fulphurOiis 
hydrogenous  gas;  or  phofphorus,  when  it  is  called  phof- 
phorated  hydrogenous  gas ;  or  carbon,  forming  carbonated 
hydrogenous  gas.  The  difference  or  degree  of  fmell  may 
likewife  be  attributed  to  the  difference  or  degree  of  folu- 
tion.    Jf  the  hydrogenous  gas  be  alone,  it  is  perhaps  the 
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leaft  unpleafant;  combined  with  fulphur,  it  has  the  fmell 
of  rotten  eggs ;  and  with  phofphorus,  that  horrid  ftench 
is  produced  peculiar  to  (linking  fi(h.  The  carbonated  hy- 
drogenous gas  no  doubt  likewife  produces  it's  peculiar 
fmell,  but  as  thefe  odours  are  generally  mixed  during  pu- 
trefaction, they  are  perhaps  only  to  be  diftinguiflied  at 
particular  ftages  of  it,  when  the  one  or  the  other  predo- 
minates. 

Azotgns.  7./Jzotgas.  This  is  obtained  from  putrefying  animal 
fubftances  either  in  it's  combined  ftate,  or  united  with 
hydrogen  forming  ammonia,  or  with  oxygen  forming  the 
nitrous  acid ;  it  may  likewife  form  other  combinations. 
According  to  Fourcroy,  this  gas  has  a  very  peculiar  and 
diftincl:  odour  refembling  fifli  juft  beginning  to  putrefy ; 
it  feparates  a  little  carbon  from  animal  fubftances,  and  it 
gives  the  greenifh  colour  to  parts,  more  particularly  to 
the  mufcles,  which  is  feen  during  their  putrid  ftate  :  this 
chemift  aflferts  it  has  a  very  deleterious  effecl:  on  living 
animals,  and  Dr.  Mitchel  of  New  York,  as  well  as  Drs. 
Hamilton  and  Currie,  are  of  opiuion,  that  the  gafcous 
oxyd  of  nitrogen  may  have  the  principal  fliare  in  gene- 
rating contagious  difeafes. 

Pruflkn  8>  Prujfwn  blue.     Fourcroy  has  found  Pruflian  blue  in 

animal  fubftances  during  putrefaction,  and  a  fmell  of 
pruflic  acid  has  alfo  been  obferved ;  but  as  all  animal 
fubftances  contain  the  principles  of  thefe  two  matters, 
which  require  only  an  opportunity  for  a  union,  their 
prefence  in  fome  cafes  is  not  furprifing. 

Heat.  9»  Heat.     Whether  this  be  a  fubftance  or  a  fenfation 

produced  by  the  repulfive  motion  of  the  putrid  procefs, 
it  is  found  to  take  place  in  all  matters  undergoing  that 
operation,  more  particularly  when  in  large  quantities; 
this  is  more  evident  in  dunghills;  and  we  are  informed 
by  Munro,  that  upon  thrufting  his  hand  into  the  flefh  of 
a  dead  and  corrupting  whale,  he  felt  a  very  fenfiblc  heat. 
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10.  Earth.  When  the  volatile  parts,  or  thofe  capable  Earth. 
of  becoming  fo,  fly  off  or  form  combinations,  and  efcape 
in  the  order  of  their  volatility,  and  the  various  odours 
they  give  rife  to  have  vaniflied  along  with  them,  the  pu- 
trefactive procefs  is  over,  nature  has  performed  her  pur- 
pofe,  her  decomposition  is  complete,  and  there  remains 
nothing  but  an  infipid,  blackifh,  and  carbonaceous  fub- 
ilance,  which  is  called  the  earth,  a  fpecies  of  caput  mor- 
tuum,  which  has  not  been  thoroughly  examined.  It  is 
faid  to  confift  of  the  oily  matter?of  calcareous  phofphat, 
and  the  phofphat  of  foda;  united  to  a  portion  of  the  car- 
bonaceous principle. 

From  obferving  the  phenomena  attending  putrefaction  Four  fl^ges 
Boiffeau  has  diftinguifhed  four  ftages.  The  firft  he  calls  j£2*™" 
a  tendency  to  putrefaction,  which  confifts  of  only  a  very 
inconfiderable  change,  perceptible  by  a  flight  faint  fmell, 
and  a  foftening  of  the  fubftance.  The  fecond  degree  he 
calls  the  commencement  of  putrefaction,  this  is  fome- 
times  indicated  by  marks  of  acidity,  the  fubftances  lofe 
fomewhat  of  their  weight,  become  foft  and  emit  a  fetid 
fmell ;  a  ferous  matter  exudes  from  them  if  in  clofe  vef- 
fels,  or  they  become  dry  or  dark  coloured  if  expofed  to 
the  air,  although  if  the  laft  be  moid  there  is  little  diffe- 
rence. The  third  degree  he  calls  the  advanced  ftage  of 
putrefaction,  the  fubftance  emits  a  volatile  alkaline  fmell, 
mixed  with  a  naufeous  or  putrid  aroma,  it  diminifhes  and 
falls  into  diffolution,  the  colour  changes  more  and  more, 
and  it  lofes  both  weight  and  bulk.  The  fourth  degree, 
or  complete  putrefaction  is  known  to  have  taken  place  by 
the  volatile  alkali  being  entirely  and  completely  diflipated, 
the  fetid  fmell  lofes  it's  force,  the  volume  and  weight  of 
the  fubftance  are  confiderably  diminifhed,  a  gelatinous 
mucus  is  feparated,  the  mafs  becomes  by  degrees  dry, 
and  is  at  length  reduced  to  a  friable  and  earthy  matter. 
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Such  are  the  general  ftages  and  effects  which  nature  pro- 
duces. 

Thefe  phenomena  are  not  however  the  fame  in  all  mat- 
ters that  undergo  putrefaction.  There  is  a  great  difference 
between  the  putrefaction  of  the  parts  of  living  animals 
and  that  of  dead  organs.  Befides,  every  humour  and 
every  folid  part  feparated  from  a  dead  animal  has  likewife 
it's  peculiar  manner  of  putrefying.  The  mufcular,  the 
membranous,  or  the  parenchymatous  texture  of  the  or- 
gans; the  oily,  gelatinous,  or  albuminous  nature  of  the 
humours,  their  confidence,  their  {late  with  refpect  to 
that  of  the  animal  which  afforded  them,  all  have  a  more 
or  lefs  great  influence  on  the  putrefactive  procefs,  self- 
modifying it  in  a  variety  of  ways,  perhaps  impoflible  to 
be  eftimated.  If  to  thefe  be  added,  the  ftate  of  the  air, 
it's  temperature,  elafacity,  weight,  drynefs  and  moifture, 
with  many  other  circumftances,  the  actions  of  which  are 
more  or  lefs  to  be  confidered,  the  phenomena  will  be  ftill 
more  diverlified.  Hence  we  may  fay  with  Fourcroy,  that 
the  hiilory  of  animal  putrefaction  is  fcarcely  begun,  and 
demands  an  immenfe  feries  of  experiments  and  obfer- 
vations. 

Several  caufes  have  been  attributed  to  the  production 
of  putrefaction.  It  was  the  opinion  of  fome  philoso- 
phers it  was  brought  about  by  animalcuia  and  infects ; 
amongft  thefe  were  Linnaeus,  Kircher,  and  Plenciz ;  this 
hypothefis,  however,  was  overturned  by  the  experiments 
of  Alexander.  According  to  the  opinion  of  Macbride, 
fixed  air  is  the  fundamental  caufe  of  putrefaction ;  for  as 
he  fuppofes  this  to  be  the  power  of  cohefion  in  bodies  by 
which  their  parts  were  kept  together,  it  follows,  that  when 
this  is  extricated,  as  is  the  cafe  in  all  putrefaction,  the 
other  component  parts  muft  likewife  fuffer  a  decompofi- 
tion,  the  equilibrium  between  them  being  deftroyed. 
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Another  opinion  was,  that  phlogifton  is  the  caufe  of  it, 
and  as  it  was  the  faftiion  to  attribute  almoft  every  chemi- 
cal phenomenon  to  the  abfence  or  prefence  of  this  princi- 
ple, it  was  confidently  aiTerted,  that  the  decompofition  of 
bodies  is  brought  about  by  this  phlogiftic  matter  being 
extricated  from  them,  or  in  other  words,  that  the  abfence 
of  phlogifton  was  the  production  of   putridity.     The 
phlogifticarians,  and  particularly  Ker,  explain  it  in  the 
following  manner :  they  look  upon  the  feparation  of  phlo- 
gifton from  the   other  component  parts  of  bodies  to  be 
the  foundation  of  this  procefs.  When  therefore  putrefy- 
ing fubft  ances  are  expofed  according  to  circumftances  that 
favour  it,  it  begins  firft  by  an  expulfion  of  fixed  air,  by 
which  much  of  the  pure  air  of  the  organic  matter  is  ex- 
tricated to  unite  with  the  phlogifton  for  it's  formation^ 
another  part  of  the  phlogifton  unites  with  the  water,  and, 
the  volatility  of  both  being  affifted  by  the  heat  of  putre- 
faction, rifes  in  the  form  of  inflammable  gas ;  another 
portion  of  phlogifton  evolved  and  freed  from  it's  organic 
compofition  unites  with  a  portion  of  air,  forming  phlo- 
gifticated  air;  fomeof  this  phlogifton  uniting  with  a  great 
deal  of  water,  fome  earth,  and  lefs  air,  forms  volatile  al- 
kali ;  the  remaining  phlogifton  attracting  flowly  the  pure 
air  from  the  atmofphere,  forms,  with  water  and  the  fixed 
alkali  or  the  pure  earth  of  the  organifed  fubftance,  a  fa- 
line  or  calcareous  nitre ;  whilft  the  greateft  part  of  the 
earth  thus  feparated  from  it's  former  combinations  re- 
mains in  it's  proper  form,  or  rather  in  a  fomewhat  phlo- 
gifticated    ftate.     It  was  then  alleged,    that  the  atmo- 
fpheric  air  was  the  grand  caufe  5  but  according  to  Weber, 
this  air   is  not  only  without  effect,    unlefs  affifted  by 
warmth  and  moifture,  but  from  the  experiments  of  Alex- 
ander, it's  free  admittance  is  not  indifpenfibly  neceftary 
to  putrefaction,     Fourcroy,  and  the  French  chemifts  at- 
tribute it  to  the  decompofition  of  water ;  it  is  their  opi- 
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nion  this  fluid  is  decompofed,  that  one  of  it's  component 
parts,  the  oxygen,  feizes  the  azot  of  the  animal  fubftance, 
and  contributes  to  the  formation  of  the  nitrous  acid, 
and  that  the  other  component  part,  the  hydrogen,  unit- 
ing with  a  portion  of  the  fame  azot  which  abounds,  pro- 
duces the  volatile  alkali.  The  great  difficulty,  however, 
refpecting  the  decompofition  of  the  water  is,  that  it  is 
unknown  how  it  can  take  place  at  fo  low  a  temperature  ; 
and  to  {how  that  oxygen  is  always  imbibed  by  putrefying 
fubftances,  it  is  only  neceflary  to  examine  the  air,  which 
is  found  to  be  diminimed,  and  the  oxygen  to  have  disap- 
peared, whilft  the  prefence  of  the  atmofpheric  air  is  always 
neceflary  for  putrefaction  to  take  place,  and  the  purer  the 
air,  or  the  larger  quantity  of  oxygen  it  contains,  the 
fooner  and  the  more  rapid  is  the  putrefying  procefs; 
thefe  are  great  proofs  that  this  principle  acts  at  leaft  a 
principal  part  in  it's  production ;  but  as  before  ob- 
ferved,  it  is  not  the  caufe  of  it. 

Morveau,  in  order  to  find  what  action  different  forts  of 
airs  would  have  upon  animal  fubftances,  filled  feven  large 
bottles,  and  fufpended  in  each  an  ounce  of  lean  beef,  he 
then  covered  the  bottle  with  a  piece  of  bladder,  and  tied 
it,  leaving  them  for  five  years  without  being  opened,  when 
he  found,  that 

,  Grains. 

In  the  vital  air,  the  flefh  was  reduced  to 136 

Common  air 149 

Fixed  air 157 

Inflammable  air 163 

Nitrous  gas 155 

Ammoniacal  gas 242 

Putrid  gas „ .   168 

In  the  vital  air,  this  chcmift  informs  us,  the  putrid 
odour  was  perceived  the  longeft  time  through  the  blad- 
der, it  was  very  flrong  after  two  months,  whilft  if  that 
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in  the  common  air  be  excepted,  fcarcely  any  thing  was 
emitted  from  the  others ;  hence  it  appears,  that  the  vital 
and  common  airs  had  a  great  advantage  over  the  others, 
which  agrees  with  the  nature  of  them  determined  by 
other  properties.  All  the  pieces  of  flefh  were  found  to 
be  dry  and  tending  more  or  lefs  to  a  black  colour,  efpeci- 
ally  that  in  the  vital  air,  which  mows  that  it  had  made  in 
that  air  the  greateft  progrefs  in  putrefaction. 

The  caufe  or  origin  of  putrefaction  is  the  refumption 
of  the  chemical  elective  attractions  which  the  compo- 
nent remote  parts  of  bodies  had  been  deprived  of  by  the 
principle  of  life,  and  the  confequent  formation  of  new 
combinations  brought  about  by  feveral  acceflbries,  or  as 
they  may  be  called,  feptics,  viz.  moifture9  moderate  tem- 
perat ure^  tepofe,  and  a  communication  with  the  external  air, 

A  certain  degree  of  moifture  appears  neceffary  to  give  Acceffbriet 
the  component  parts  the  liberty  of  coming  within  each 
other's  attraction  fo  as  to  form  new  unions  with  the  oxy- 
gen of  the  atmofphere,  and  alfo  amongft  each  other ; 
whereas  drynefs  prevents,  or  rather  retards  it,  as  well  as 
too  much  aqueous  fluid ;  hence  the  preference  of  a  moid 
atmofphere. 

2.  A  moderate  temperature,  fuch  as  65°,  is  found  to  be 
the  heat  of  the  atmofphere  moft  favourable  to  putre- 
faction. On  the  contrary,  a  great  degree  is  apt  to  vola- 
tilize the  parts  of  bodies  before  they  can  form  a  union, 
and  to  produce  exficcation  ;  and  a  low  degree,  as  that  near 
the  freezing  point,  retards  it  by  not  giving  the  parts  fuffi- 
cient  activity  to  form  new  combinations,  whilft  congela- 
tion flops  it  altogether. 

3.  Repofe  is  likewife  a  great  affiftant  in  this  procefs, 
for  without  it  there  is  no  time  for  new  unions  to  take 
place,  and  a  quick  fucceffion  of  air  takes  away  the  moif- 
ture fo  neceflary,  and  dries  the  external  parts;  a  confined 
air  is  the  greateft  promoter  of  putrefaction. 
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4.  Bodies  will  not  putrefy  in  vacuo,  hence  the  atmo- 
fpheric  air  is  equally  neceffary  with  the  others,  and  it  is 
always  found  to  bediminifhed,  as  is  the  cafe  whenever  it's 
oxygen   is  abforbed,  /.  e.  in  all  procefies  which  the  old 
chemifts  called  phlogiftic;  and  the  larger  the  proportion  of 
oxygen  the  quicker  and  more  perfect  is  the  putrefaction. 
It  is  on  this  account  that  great  fnnilarity  has  been  obferved, 
particularly  by  Goddard,  between  the  putrefactive  procefs 
and  the  action  of  fire  on  the  atmofphere  during  com- 
Difliilation  buftion,  both  converting  fubftances  into  an  earth,  and 
to  punefac-  caufmg  an  abforption  of  the  oxygen  of  the  atmofphere., 
Uon-  and  a  generation   of  fixed  air ;  but  as   the  putrefactive 

procefs  is  much  flower  than  either  moift  or  dry  diftilla- 
tion,  the  produces  are  different  in  fome  refpeets,  from  the 
great  degree  of  heat  not  permitting  the  component  parts 
to  form  the  fame  unions. '  They  both  decompofe  animal 
fubftances  and  form  new  compounds.  Both  in  di (Filia- 
tion and  putrefaction,  fixed  air,  ammonia,  hydrogen 
gas,  and  fulphureous  hydrogen  gas  are  obtained  ;  but  in 
the  firft,  the  heat  being  very  powerful,  forces  more  or 
lefs  carbon  from  it's  combination,  which  uniting  with 
hydrogen  forms  an  oil  more  or  lefs  empyreumatic,  ac- 
cording to  the  quantity  of  carbon;  whilft  in  the  fecond, 
when  there  is  fufficient  repofe  ami  time  for  the  azot  to 
unite  with  the  oxygen  of  the  atmofphere,  the  nitric  acid 
is  produced. 

Thefe  four  acceflbries  being  the  grand  promoters  of  pu- 
trefaction without  which  it  cannot  take  place,  it  follows, 
that  fubftances  which  are  favourable  to  thefe  promote  pu- 
trefaction ;  and  on  the  contrary,  thofe  which  impede 
them,  more  or  lefs  prevent  it.  It  is  principally  on  thefe 
grounds  that  experiments  have  been  made  to  find  what 
fubftances  promote,  and  what  retard  or  prevent  it;  the 
firft  have  been  called  feptics,  the  other  antifeptics.  For 
many  experiments  of  this  kind  we  arc  indebted  to  Prin- 
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gle,  Macbride,  Buckholz,  Brugnatelli,  Spielman,  Mor- 
veau,  &c,  but  great  additions  are  neceflary  to  determine 
the  relative  powers  of  feptic  or  antifeptic  bodies  with  any 
degree  of  precifion. 

Pringle  and  Macbride  were  the  firft  to  make  experi-  Antifeptic*. 
ments  to  prove  what  thofe  fubftances  were  that  oppofed 
putrefaction.  In  taking  the  general  conclufions  not  only 
of  the  experiments  of  thefe  two  phyficians,  but  of  thofe 
of  Buckholz,  Brugnatelli,  and  Morveau,  it  appears, 
that  fubftances  which  are  antifeptic  are  not  only  incapa- 
ble of  putrefaction  themfelves,  but  they  deprive  thofe 
which  promote  it  of  their  energy,  at  leaft  in  a  greater  or 
lefs  degree;  among  thefe  are  dry  earths,  acids,  alkalis, 
neutral  falts,  fpirituous  liquors,  effential  and  empyreuma- 
tic  oils,  balfams,  relins,  fpices,  bitters,  aftringents,  fmoke 
of  different  kinds,  and  all  gafes  or  airs,  except  thofe  into 
which  oxygen  enters  as  a  conftituent  part,  as  the  atmo- 
fpheric  air. 

All  thefe  impede  the  putrefactive  procefs,  at  leaft,  ani- 
mal fubftances  are  longer  in  becoming  putrid  in  them 
than  when  expofed  to  the  atmofpheric  air,  8cc.  It  islikewife 
found,  that  the  fermentation  of  vegetable  fubftances  is 
increafed  by  a  mixture  of  animal  matter,  and  the  putref- 
cency  of  the  latter  is  corrected  by  the  oppofite  quality  of 
the  former. 

By  making  ufe  of  thofe  means,  which  prevent  putre-  Preparation 
faction,  and  by  the  affiftance  of  thofe  fubftances  that  are 
called  antifeptics,  the  bodies  of  animals  or  their  parts     - 
may  be  preferved  for  a  great  length  of  time.     This  has 
been  pra&ifed  from  the  earlieft  ages,  by  the  name  of  em- 
balming.    According  to  Diodorus  Siculus,  the  ancient 
Egyptians  were  accuftomed  not  only  to  embalm  the  dead  Ait  of  em- 
bodies of  thofe  animals  their  fuperftition  had  rendered  ho-  the  EgypT 
ly,  but  likewife  human  bodies  which  were  thus  preferved  tunJ' 
from  a  fpontaneous  decompofition,  and  are  fo  abundantly 
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to  be  found  by  the  name  of  mummies.  We  are  inform- 
ed by  Herodotus,  as  well  as  the  before-mentioned  author, 
that  the  Egyptians  had  feveral  methods  of  embalming 
the  human  body,  three  of  which  are  particularly  noticed. 
To  this  difference  in  the  procefs,  Leonhardi  attributes 
the  different  opinions  phyfieians  and  chemifts  have  had 
of  this  ancient  operation. 

Three  mo        l.  A  hole  was  made  through  the  noftrils  into  the  cra- 

thods.  w    ■  m  ° 

nium,  the  brain  extracted,  and  the  cranium  was  filled 

with  the  embalming  fubftance.  The  thorax  and  abdo- 
men were  then  deprived  of  their  vifcera,  except  the  heart 
and  kidneys;  they  were  wafhed  with  Phoenician  wine,  and 
filled  with  ftveet-fcented  refins  and  aromatics ;  the  opened 
parts  having  been  afterward  fewed  up,  the  body  was  well 
warned  and  clean  fed,  and  placed  in  natron,  which  is  fup- 
pofed  to  have  been  the  mineral  alkali  united*  with  com- 
mon uiH,  and  found  native  in  Egypt.  In  this  alkali  it 
remained  about  30  days  ;  it  was  taken  out  and  warned  a 
feqond  time,  befmeared  over  with  a  gum  or  refin,  care- 
fully enveloped  with  cotton  bandages  and  placed  in  a  cof- 
fin. This  method  was  very  expenfive,  but  is  the  only 
one  that  merits  the  name  of  embalming. 

2.  A  cheaper  way  of  preferving  the  body  was  to  in- 
troduce various  refins,  particularly  that  from  the  cedar, 
by  the  anus,  without  opening  either  the  belly  or  thorax, 
the  body  was  then  dried  in  natron,  and  afterwards  the 
refin  with  the  corroded  interlines  were  taken  away. 

3.  The  dheapefl  niethud  confided  merely  in  warning  the 
body,  and  it's  expofure  to  the  action  of  natron,  which 
we  are  informed  deftroyed  the  flefti  and  only  left  the  fkin 
and  bones. 

Onions  on      With   refpecl  to  the  embalming  fubftance  employed 

itaiKcsem-  on  thefe  occafions  there  arc  various  opinions.     Some,  as 

1  u)t  "       Rouclle  and  Vandermonde,   look  upon  it  to   have  been 

afphaltum  mixed  with  the  oil  of  the  cedar  feed  -,  whilft 
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Hardley  thinks,  with  the  ancients,  it  was  the  refin  of  this 
tree,  or  fome  other  vegetable  refin.  Belloni  and  Blumen- 
bach  are  of  opinion  that  afphaltum  was  ufed  in  common 
operations  as  being  the  cheaper!;,  and  that,  on  particular 
occafions,  the  odoriferous  vegetable  refins  were  chofen  ; 
and  the  latter  chemift,  on  the  examination  often  different 
mummies,  found  no  afphaltum,  but  very  evident  traces 
of  vegetable  refins.  It  is,  however,  certain  that  the  fub- 
ftances  for  this  purpofe  were  not  always  of  the  fame 
kind. 

The  art  of  embalming  the  human  body  has  likewife  ^tempted 
been  attempted  by  fome  of  the  moderns,  but  the  mere  Jjy, lhe  mo~ 
action  of  faline  bodies,  and  filling  the  cavities  of  the  body 
with  aromatic  herbs,  were  found  not  to  be  fufficient  to 
preferve  it  from  putrefaction.     The  beft  and  perhaps  the 
only  method  worth  attention  is  that  pointed  out  by  Dr.  D 
Hunter.    As  foon  as  the  corpfe  is  become  cold  and  ftiff, 
and  before  any  fymptoms  of  putrefaction  appear,  it  is  to 
be  well   warned  with   warm  water;   one   of   the  large 
arteries  is  then  to  be  laid  open,  and  the  following  injec- 
tion to  be  forcibly  made  to  enter  the  fmalleft  vefTels,  even 
thofe  of  the  cellular  membrane.     Two  parts  of  the  oil  of 
chamomile  are  to  be  mixed  \yith  eight  parts  of  oil  of  la- 
vender, and  fixteen  of  oil  of  rofemary ;  likewife  the  oil  of 
turpentine  may  be  either  ufed  alone  or  mixed  with  a  little 
of  the  oils  of  rofemary  and  lavender;   or,  to  give  it  a  co- 
lour, a  little  cinnabar  may  be  united  with  the  oil  of  tur- 
pentine.    Xhe  different  vifcera  are  in  a  fhort  time  after  to 
be  extracted,  the   inteftines   to   be  carefully  cleanied   of 
their  contents,  and  the  reft  of  the  vifcera  to  be  deprived 
of  their  moifture  by  wiping   them  repeatedly  with  dry 
towels;    the  "body   is    likewife  internally  to  be  cleanfed 
of    it's     blood    and    injected    oils,    bv    fqueezing    the 
veffels;  the  arteries  are  then  to  be  injected  as  well  as  the  v 
other  large  veffels  that  have  been  cut,  with  a  mixture  coin-. 
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pofed  of  6  lb.  of  oil  of  turpentine,  5  oz.  of  turpentine, 
3  1  oz.  of  cinnabar,  2  oz.  of  camphor,  and  3  lb.. of 
ftrong  fpirit  of  wine  ;  with  this  likewife  the  flefhy  parts 
that  have  been  well  deprived  of  any  moifture  are  to  be 
carefully  anointed,  the  veffels  of  the  inteftines  to  be  in- 
jected, and  then  to  be  replaced  in  their  former  fituation, 
fcattering  a  fufficient  quantity  of  a  powder  about  them, 
compofed  of  10  lb.  of  yellow  refin  or  pitch,  6  lb.  of 
faltpetre,  and  5  oz.  of  pulverized  camphor,  fo  that  every 
vacancy  may  be  perfectly  replete  with  it.  Afterward, 
when  a  little  of  the  injecting  liquor  above  mentioned 
has  been  poured  into  the  thorax  and  belly,  the  fkin  is  to 
be  clofed,  the  mouth,  pharynx,  and  larynx  fyringed  and 
filled  with  the  powder,  together  with  the  cavities  of  the 
ears,  nofe,  anus,  parts  of  generation,  eyes  and  eyelids, 
and  the  whole  body,  after  having  been  previoufly  warned 
and  rubbed  dry,  is  to  be  well  rubbed  with  alcohol  and 
camphor,  and  finally  with  the  oils  of  rofemary  and  laven- 
der. The  body  being  thus  embalmed,  in  order  to  deprive 
it  of  any  remaining  moifture,  it  is  to  be  laid  in  a  coffin 
upon  fome  calcined  and  finely  pulverized  gypfum,  fo  as 
to  be  on  all  fides  about  half  covered  with  it ;  pieces  of 
camphor  are  to  be  ftrewed  about,  and  a  range  of  open 
bottles  filled  with  volatile  oils  ;  the  coffin  is  then' to  be 
well  clofed,  having  a  lid  with  a  glafs  in  it.  In  about  four 
years  the  gypfum  mould  be  renewed,  and  when  the  body 
is  perfectly  dry,  it  may  be  difpenfed  with  altogether. 

Befides  the  embalming  of  the  human  body,  chcmiftry 
is  able  to  afford  great  affiftance  to  the  naturalifl  in  the 
preparation  of  quadrupeds,  birds,  and  other  animals  that 
compofe  collections  of  natural  hiftory.  It  affords  the 
moft  proper  means  not  only  of  being  able  to  give  them 
duration  and  confiftence,  but  to  make  them  deviate  as 
little  as  poffible  from  the  living  flate,  that  by  their  atti- 
tudes and  mofl  natural  pofitions,  they  may  be  enabled  to- 
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exhibit  in  great  perfection  both  their  inftinct  and  cha- 
racter, circumftances  of  great  importance  in  the  fcience 
of  natural  hiftory. 

For  thefe  effects,  the  methods  publimed  by  Reaumur 
in  the  45th  vol.  of  the  Philofoph.  Trans.,  and  thofe  rela- 
ted in  the  Diet.  d'Hiftoire  Naturelle,  when  chemically 
examined,  are  far  from  being  fatisfactory.  Independent 
of  the  method  of  embalming  propofed  by  Dr.  Hunter 
juft  mentioned,  which  may  be  applied  alfo  to  fubjects 
deftined  for  natural  collections,  feveral  cherhifts  have 
given  directions  for  that  preparation  ;  amongft  the  prin- 
cipal of  which  are  Kuckham,  Chaptal,  and  Pinel. 

Kuckham  published  a  procefs  for  the  preparation  of  birds  Method  of 
in  the  60th  vol.  of  the  Philofoph  Trans.  His  composition 
to  prefervethem  from  putrefaction  is  a  mixture  compofed 
of  a  quarter  a  pound  of  corros.  fub.;  half  a  pound  of  cal- 
cined faltpetre ;  a  quarter  of  a  pound  of  calcined  alum ;  half 
a  poundof  flowers  offulphur;  a  quarter  of  a  pound  of  mulkj 
one  pound  of  black  pepper,  and  one  pound  of  pulverized 
tobacco  ;  thefe  are  to  be  kept  in  a  well-clofed  glafs  vefTel, 
and  in  a  dry  place.  The  corrofivefublimate  is  very  fatal 
to  infects;  and,  according  to  Pinel,  the  only  objection  to  Pinel. 
the  mixture  is  the  expenfe.  He  therefore  fubftitutes  the 
following  in  it's  place ;  equal  parts  of  corros.  fubl.  or 
arfenic,  calcined  alum,  camphor,  canella,  or  any  other 
aromatic,  are  to  be  pulverized  and  mixed  together.  Pinel 
has  likewife  made  ufe  of  a  varnifh  with  great  fuccefs;  it 
was,  he  informs  us,  at  firft  kept  a  fecret,  and  is  a  very 
fure  means  to  prevent  the  generation  of  infects  in  the 
fkins  of  dead  animals,  or  to  deftroy  them  when  hatched  ; 
fo  that  for  three  or  four  years,  until  they  can  be  conve- 
niently placed  in  the  collection  they  are  deftined  for,  the 
keeping  them  under  cafes  of  glafs  may  be  difpenfed  with. 
It  is  compofed  of  the  following  articles  :  Four  ounces  of 
pulverized  arfenic  are  to  be  put  into  one  poundof  brandy, 
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the  mixture  heated  gently,  fome  black  foap  and  aloe9  are 
then  to  be  added,  fo  as  to  form  a  kind  of  magma,  which 
muft  be  lightly  extended  whilft  warm  in  the  interior  of 
the  animal  with  a  brufh,  the  foft  parts  having  been 
taken  away ;  the  fame  procefs  muft  be  applied  to  the 
internal  furface  of  the  fkin.  When  ufed,  he  recommends 
it  to  be  diluted  with  alcohol.  Immediately  after  it's  ufe, 
the  preparation  mould  be  mounted,  as  the  evaporation  of 
the  fluid  part  occafions  the  fkin  to  become  hard  and  diffi- 
cult to  foften  again. 

It  is  with  this  magma  that  cotton  or  flax  ought  to  be 
impregnated,  with  which  the  internal  parts  of  animal 
bodies  are  to  be  filled,  and  it  is  found  to  be  far  fuperior 
to  the  mixture  compofed  of  a  folution  of  camphor  in  rec- 
tified fpirit  of  wine,  which  is  commonly  ufed  in  this 
country.  It  is  likewife  neceffary  that  the  zoologift  fhould 
be  provided  with  cauftic  foda,  a  folution  of  which  cor- 
rodes the  foft  parts,  and  by  uniting  with  the  fat  parts 
forms  a  fpecies  of  foap  that  is  afterwards  eafily  taken  out 
Chaptal.  by  repeated  lotions  Chaptal  recommends  the  cranium 
and  inteftines,  when  deprived  of  their  contents,  to  be 
fyringed  with  vitriolic  ether. 

Small  animals,  or  the  parts  of  large  ones,  are 
ufually  preferved  by  being  kept  in  fpirit  of  wine;  for 
this  purpofe,  it  is  obferved  by  Leonhardi,  that  a  little 
water  and  a  fifth  part  of  fpirit  of  fal  ammoniac  mould  be 
added,  which  will  preferve  the  colour  and  foftnefs. 

A  method  of  preierving  anatomical  fubjects  in  a  very 
perfect  manner,  is  the  following,  It  is  faid  to  have  been, 
Sheldon  made  ufe  of  by  John  Sheldon.  He  injects  feveral  parts 
of  the  body  with  ftrong  fpirit  of  wine,  faturated  with  cam- 
phor, and  mixed  with  a  fmall  portion  of  turpentine.  The 
fkin  is  prepared  with  finely  pulverized  alum,  rubbed  on 
with  the  hand.  The  inteftines  are  taken  out  and  covered 
with  a  varnifb,  compofed  of  a  mixture  of  camphor,  aud 
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common  refin.  All  the  internal  parts  of  the  body  un- 
dergo the  fame  operation,  and  are  afterwards  rubbed  with 
alum.  The  body  thus  prepared  is  laid  on  a  bed  of  cal- 
cined chalk  to  the  thicknefs  of  one  inch,  in  order  to  ab- 
forb  all  humidity,  and  is  then  placed  in  a  double  cafe  of 
wood.,  the  inner  of  which  is  of  cedar.  In  this  manner 
he  has  been  able  to  preferve  the  body  of  a  young  woman 
for  feveral  years,  which  retains  it's  form  and  appearance 
nearly  as  perfect  as  in  life.  Even  the  natural  tint  of  the 
fkin  of  the  face  is  preferved,  by  a  coloured  injection  im- 
pelled through  the  carotids  to  produce  that  effect. 

Chauffer  has  difcovered,  that  if  the  bodies  of  men  or  Chaufflcr. 
other  animals  be  plunged  for  fome  time  in  a  folution  of 
corroiive  fublimate,  and  then  dried,  they  alfume  the 
conflftency  of  wood,  and  the  air  produces  no  effect 
upon  them  afterward  ;  and  if  the  bodies  be  injected  pre- 
vioufly,  they  will  retain  the  colour  and  appearances  of 
life,  and  confequently  form  mummies  more  perfect  than 
the  ^Egyptian. 

It  is  well  known,  liow  difagreeable  and  very  incon-  Fanircroy,. 
venient  that  putridity  is  to  the  anatomift,  which  often  fa 
foon  takes  place  in  bodies  or  their  parts  under  difleetion, 
and  to  Fourcroy  it  is,  that  we  are  indebted  for  a  method 
by  which  thefe  inconveniences  may  be  prevented:  it  con- 
fids  in  fprinkling  the  parts  with  oxygenated  muriatic  acid. 
He  informs  us,  the  abdominal  mufcles  of  a  fubject  for 
demonflration  having  been  removed,  and  the  cavity  of 
the  abdomen  laid  open,  notwithstanding  the  contents 
were  carefully  removed,  it  was  found  to  exhale  a  confide-, 
rable  putrefactive  fmell  ;  care,  however,  being  taken  to 
wafh  the  whole  internal  furface  with  the  liquid  oxverena- 
ted  muriatic  acid,  the  odour  was  immediately  deftroved, 
and  the  (indents  that  had  quitted  the  bod v  foon  refumed 
their  fuuation  without  being  afterwards  incommoded; 
they  alfo  continued  their  di flection  in  the  abdominal 
B.4 
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cavity,  and  in  the  cheft,  which  was  alfo  wafhed  with 
the  fame,  for  a  much  longer  time  than  ufual  without  per- 
ceiving anv  degree  of  fetor.  A  mild  and  humid  ftate  of 
the  air,  during  which  the  putrefaction,  of  bodies  is 
known  to  proceed  very  rapidly,  produced  little  effect  for 
the  fpace  of  eight  days,  on  the  body  fprinkled  by  the 
acid,  whilft  in  the  fame  period  other  bodies  had  ac- 
quired the  higheft  degree  of  putrefaction.  The  mufcles, 
the  nerves,  the  vafcular  membranes,  and  all  the  other 
parts  continued  firm  and  without  alteration. 

This  chemift  therefore  advifes,  that  in  bodies  for  dif- 
fe&ion,  the  parts  mould  be  fprinkled  as  they  are  laid 
open.  This  method,  which  will  preferve  bodies  for 
more  than  fix  weeks,  taking  care  to  repeat  it  from  time 
to  time,  is  eafily  pra&ifed,  as  a  fponge  dipped  in  the 
acid  is  (lightly  rubbed  over  the  parts,  taking  care  to  avoid 
the  vapour  by  turning  the  head  afide. 

He  likewife  advifes  the  ufe  of  this  acid  for  another 
purpofe  during  diffe&ion .  One  of  the  great  difficulties  in 
dhTecYing  the  foft  and  pulpy  parts,  as  the  brain,  cerebel- 
lum, medulla  oblongata,  and  fpinal  marrow,  is  the 
want  of  firmnefs  in  their  ftru&ure,  and  the  confequent 
yielding  of  their  particles  to  any  imprefiion.  This  foft- 
ncfs  likewife  renders  them  very  liable  to  change  by  pu- 
trid decompofition,  and  they  become  oftentimes  fo  putrid 
in  a  few  hours,  as  to  make  it  impoflible  to  determine 
their  ftruclure,  although  thefe  parts,  to  be  well  under- 
ftood,  require  a  long  and  attentive  examination.  It  has 
bee,n  propofed  to  heat  them  a  little  above  45°  of  Reaumur, 
to  give  them  a  firmer  confidence,  and  although  the  al- 
buminous matter  which  forms  their  bafis  is  fufccptible  of 
this  denfity  from  the  imprefiion  of  heat,  it  is  not  fufli- 
cient  for  the  anatomift,  as  the  Toft  fibres  of  thefc  organs 
are  cornpreiled  together,  and  become  lefs  apparent  after 
the  operation.     Fourcroy,  therefore,  think*  he  has  dif^ 
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covered  a  more  advantageous  method.  Having  ob- 
served that  all  animal  fubftances,  especially  the  {kin, 
membranes,  &c.  become  firm  and  compact  after  mace- 
ration for  fome  hours  in  liquid  oxygenated  muriatic  acid, 
and  that  their  fibres  were  made  to  approach  each  other 
in  a  remarkable  manner  ;  he  fteeped  a  human  brain  for 
eight  hours  in  this  liquid,  and  afterward  plunged  it  once 
or  twice  in  frefh  water  to  wafh  off  the  acid,  and  found  it's 
fubflance  became  firm,  was  readily  cut,  and  it's  tiflue 
not  diforganized  by  gentle  preflure,  as  is  generally  the 
cafe  with  this  organ.  It  alfo  preferved  it's  whitenefs  and 
confidence  for  more  than  eight  days,  and  did  not  become 
putrid  in  near  the  fame  time  as  in  ordinary  circum- 
flances. 

The  utility  of  this  property  of  the  acid,  in  hardening 
and  preferving  animal  fubftances,  is  likewife  extended  to 
the  fo'ft  and  almoft  mucous  flefh  of  moft  fifties,  and  the 
glairy  fubflance  of  worms,  fnails,  &c,  which  is  of  great 
importance  in  the  art  of  anatomy. 

Having  defcribed  the  phenomena,  and  the  circum- 
ftances  attending  atmofpheric  putrefaction,  and  the  me- 
thods of  preferving  animal  fubftances  from  it,  an  account 
of  the  decompofition  they  undergo,  on  expofure  to  other 
mediums,  may  be  a  means  of  throwing  fome  light  on 
the  revolution  the  animal  creation  goes  through  in  it's 
various  metamorphofes. 

2.   Terraneous  putrefaflion. 

The  phenomena  which  take  place  when  bodies  are  2.  Terra, 
buried  in  the  ground  are  different  from  thofe  which  fol-  [SftSru 
low  on  expofure  to  the  air,  It  appears  their  deftruction 
varies  according  to  the  nature  of  the  foil.  Sometimes  bo- 
dies are  found  to  have  undergone  a  total  decompofition 
after  a  very  fhort  interval,  and  at  other  times,  as  is  the 
cafe  with  mummies,  centuries  are  neceflary  entirely  to 
deftroy  them,     It  is  eafy  to  conceive,  according  to  Four- 
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croy,  that  if  the  earth    he  very  porous  and  movable,  if 
the  animal  matter  be  buried  at  a  fmall  depth,  the  air,  and 
efpecially  the  water,  which  can  have  no  difficult  accefs 
to  it,  will  facilitate  it's  decompofition,  whilft  in  oppofite 
circum (lances  it  muft  be  much  flower  ;  thus,  for  exam- 
ple, if  the  earth  be  dry,  it  will  abforb  the  aqueous  part 
of  the  bodies,  exficcate  and  convert  them  into  mummies, 
as  is  the  cafe  in  Egypt,  where  a  fandy  foil  expofed  to  a 
burning  fun  gives  them  a   hardnefs  that  defends  them 
from  deftrucliion  for  ages.     On  the  contrary,  if  the  bo- 
dies be  buried  in  argillaceous  earth,  which    retains   the 
water,    the  denru&ion  is   accelerated.     In   thofe   cafes 
where  the  decompofition  takes  place  more  orlefs  (lowly, 
the  fluids  and  the  folids  become  at  laft  reduced  almoft  to 
azot,  carbonic  acid,  hydrogen,  and  alkaline  gafes.     All 
thefe  elaftic  fluids  being  filtered  through  the  earth,  efcapc 
and  experience  other  vicifiitudes;  but  as  the  fpontaneous 
decompofition  of  animal  matters,  efpecially  when  buried 
in  large  mafles   in   the  earth,  affords  fome   curious  and 
lingular  remits,    it  will  be  necefiTary  to  give  a  more  detail- 
ed account  of  them,  fuch  as  they  have  been  collecled  by 
Fourcroy,  in  a  memoir  written  on  the  bodies  found  in 
the  churchyard  of  the  Innocents  at  Paris. 
Bodies  in         It  appears  that  the  earth  of  this  churchyard  had  been 
cemsat"     fnrchargecl  (or  many  ages  with   bodies  delivered  up  to 
Paria.         putrefaction  in  large  mafTes,  which  in  confequence  might 
be  fuppofed  to   have  a  different  effecl:  from  that  of  other 
cemeteries,    where   each  body  has   it's   peculiar  lot  of 
ground,  and  where  nature  is  able  to  feparate  it's  elements 
with  facility  and  promptitude.     The  calculations  of  fome 
philofophers  had  indeed  extended  the   total  deflruclion  of 
a  body  to   about   fix  years,  from  the  obfervations  made 
upon  enmmon  burying  places ;  but  thefe  could   not   be 
applicable   to  the  cemetery  of  a  large  city  like  Paris,  in 
which  many  fucceffive  generations  of  it's  inhabitants  had 
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been  buried  for  more  than  three  ages  ;  for  nothing  indi- 
cated that  the  entire  decompofition  of  a  body  might  be 
prolonged  beyond  forty  years,  nor  could  it  be  fufpc&ed 
what  a  lingular  difference  nature  was  able  to  prefent  in 
the  definition  of  bodies  buried  in  large  quantity,  and  of 
thofe  only  ifolated  in  the  earth  ;  nor  could  it  be  known 
what  might*be  the  effects  of  an  earth  many  yards  deep, 
the  flratum  of  which  was  inceffantly  expofed  to  putrid 
emanations,  and  fatu rated  with  animal  effluvia,  upon  new 
bodie  placed  in  it ;  theie,  however,  have  been  difcovered 
by  Fourcroy,  forming  an  important  addition  to  the  hif- 
torv  of  animal  deco  ,'pofition  or  putrefaction. 

The  remains  of  the  bodies  buried  in  this  churchyard  Found  in 
were   found   in  three  different  flates,  which  appeared  toentftaft.3. 
depend  on   the  time  they  had  been  inhumed,  the  places 
they  occupied,  and  their  difpofition  relatively  to    each 
other, 

1.  The  oldeft  only  offered  to  obfervation  a  few  portions 
of  fcattered  bones  placed  irregularly  in  the  foil  from  hav- 
ing been  oftein  diflurbed  to  give  place  to  others,  and  in 
which  nothing  appeared  except  their  difference  from 
other  human  bones  that  had  not  been  in  the  earth,  and  it 
was  with  refpecl:  to  the  foft  parts  including  the  teguments 
that  the  two  following  differences  were  obfervable. 

2.  Of  the  ifolated  bodies,  the  fkin,  mufcles,  Vendons, 
and  the  aponeurofis,  were  dried,  brittle,  hard,  of  a  more 
or  lefs  gray  colour,  and  refembled  the  mummies  in  the 
catacombs  at  Rome,  or  in  the  cellar  of  the  Cordeliers  at 
Touloufe. 

3.  The  third,  and  moft  curious  ftate,  was  found  to 
exift  in  the  foft  parts  of  the  bodies  that  were  accumu- 
lated in  the  common  pits.  Thefe  pits  were  above  thirty 
feet  in  depth,  twenty  broad,'  and  of  the  fame  width  ;  they 
were  dug  in  the  cemetery  for  the  reception  of  the  bodies  of 
the  poor,  which  were  placed  in  clofe  ranks,  in  coffins, 
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fo  that  the  whole  pit  was  a  mafs  of  bodies  feparated  only 
by  the  thin  fides  of  the  coffin,  and  each  pit  contained 
from  1000  to  1500  bodies.  Three  years  were  neceflary 
to  fill  one  of  them,  and  they  were  opened  again  to  re- 
ceive other  bodies  not  fooner  than  fifteen  years,  nor  later 
than  thirty  years.  The  gravediggers  had,  however, 
been  taught  by  experience,  that  this  period  was  infufficient 
for  the  total  decompofition  of  the  body,  whilft  the  alte- 
ration it  underwent  during  the  time  was  well  known  to 
them.  This  change  likewife  ftruck  the  obfervation  of 
Fourcroy,  in  the  very  firft  pit  he  was  prefent  at  when 
opened.  It  had  been  filled  and  clofed  about  fifteen  years. 
The  fides  of  the  coffins  were  found,  and  tinged  of  a  yellow 
colour.  On  taking  off  the  lids,  the  bodies  appeared  flat 
as  if  they  had  been  prefled,  and  when  the  fhrowd  was 
removed,  the  matter  that  furrounded  the  bones  was  in 
irregular  mattes  of  a  foft  ductile  confidence,  and  grayifli 
colour.  On  preffing  this  matter  with  the  finger,  it  gave 
way  and  broke.  It  refembled  in  appearance  common 
white  cheefe,  and  the  print  of  the  linen  left  upon  it's 
furface  heightened  the  refemblance.  On  rubbing  this 
fubftance,  it  became  foft.  The  gravediggers  were  accuf- 
Theircuri-  tomed  to  call  hfat,  from  it's  great  fimilarity  to  that  fub- 
fion^n"^"  fiance,  but  they  only  found  it  in  bodies  buried  in  mafs, 
fcu  matter,  ancj  never  m  the  ifolated  ones.  There  was  no  infectious 
or  very  difagreeable  odour  perceived.  This  chemift  exa-* 
mined  many  bodies  of  this  kind,  but  all  were  not  equally 
far  advanced  in  this  lingular  converfion,  fomeofthem 
had  flill  portions  of  mufcles  remaining  amongft  thefe 
white  fat  maflTes,  which  were  recognized  by  their  more 
or  lefs  red  colour  and  fibrous  texture.  In  the  bodies  to- 
tally converted,  there  was  no  veftige  of  either  (kip,  mem- 
brane, mufcle,  tendon,  veflel,.  or  nerve;  the  grayifh, 
white  mafs  that  covered  all  the  bones  appearing  like  cel- 
lular membrane,  which,  according  to  this  chemift,  might 
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induce  an  opinion  of  the  mucous  part  being  the  real  bafts 
of  this  lingular  matter.  On  examining  further,  it  was 
found  that  all  the  vifcera  were  likewife  fo  changed  as  to 
leave  fcarcely  any  trace  of  them  ;  the  abdominal  cavity  no 
longer  exifted,  and  it  was  in  vain  to  feek  in  the  greater 
number  of  bodies  either  for  the  fituation  or  fubftance  of 
the  ftomach,  inteftines,  bladder,  liver,  kidneys,  or  womb; 
all  were,  to  ufe  the  expreffion,  melted  down  into  this 
fatty  matter.  It  was  the  fame  with  the  cavity  of  the  tho- 
rax, it  no  longer  exifted.  It's  vifcera  were  often  entirely 
changed,  and  the  greater  part  had  difapppeared,  nothing 
remaining  but  fome  lumps  of  this  white  fat.  He  found 
this  matter,  which  is  the  product  of  the  decomposition  of 
the  vifcera  charged  with  blood  and  different  humours,  to 
differ  from  Jftat  on  the  external  part  of  the  body  and 
bones,  by  being  always  of  a  more  or  Iefs  red  or  brown 
colour,  and  that  the  fat  parts  afford  a  much  greater  quan- 
tity than  the  others. 

The  face,  in  general,  was  no  longer  to  be  recognized; 
the  mouth  was  disorganized,  and  without  tongue  or  pa- 
late; the  cartilages  even  of  the  nofe  partook  likewife  of 
the  general  alteration ;  the  orbits,  the  ears,  were  equally- 
changed.  The  (kin,  however,  retained  the  hair,  which 
appears  to  fublift  the  longeft,  and  make  the  greateft  re- 
iiftence  to  every  change,  whilft  the  brain  was  always 
prefent,  but  converted  like  the  other  organs. 

With  refpect  to  the  modifications  of  this  fubftance, 
it's  confidence  was  not  always  the  fame  ;  in  bodies  the 
lateft  changed,  /.  e  from  three  to  five  years,  it  was  foft 
and  very  ductile,  very  light,  and  contained  a  large  por- 
tion of  water ;  in  thofe  which  had  been  changed  from 
thirty  to  forty  years,  it  was  more  dry  and  brittle,  it's 
foliated  texture  was  much  denfer ;  and  in  fome  bodies 
where  the  foil  was  dry,  portions  of  it  were  become  femi- 
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tranfparent,  and  it's  afpe£t,  texture,  and  brittlenefs,  very 
well  imitated  wax. 

The  epoch  of  it's  formation  has  likewife  a  great  influ- 
ence on  the  nature  of  this  fubftance  ;  all  that  had  been 
formed  a  long  time  was  in  general  white,  homogeneous, 
without  any  appearance  of  fibrous  or  foreign  matter,  and 
this  was  more  particularly  the  cafe  with  the  fkin  of  the 
extremities.  On  the  contrary,  in  bodies  recently  con- 
verted, it  was  not  fo  pure  ;  there  were  fome  portions  of 
the  mufcular,  tendinous,  or  ligamentous  parts,  the  tex- 
ture of  which,  though  they  were  altered  in  colour,  was 
Hill  to  be  recognized  ;  but  thefe  were  more  or  lefs  pene- 
trated with  fat  matter,  to  be  feen  between  the  interfaces 
of  the  fibres.  Hence  not  only  the  fat  parts,  but  the 
other  parts  are  really  converted  into  the  fame  fubftance, 
although  the  firft  undergo  the  change  much  more  eafily 
and  quickly. 
Twovarie-  From  the  observations  of  Fourcroy,  it-appears,  there- 
fore, that  amongft  the  modifications  refpetciing  the  ftate 
of  bodies  converted  into  fat,  two  varieties  may  be  diftin- 
guifhed ;  the  one  dry,  friable,  and  brittle  ;  the  other 
foft,  and  ductile  ;  to  which  may  be  added,  that  the  firft, 
which  is  oftener  found  in  bodies  placed  near  the  furface, 
not  only  differed  from  the  other  by  the  water  it  had  loft, 
but  it  had  undergone  a  new  change,  and  it  had  loft  one 
of  it's  principles  by  volatility,  fo  as  no  longer  to  be  of  the 
fame  nature  as  the  other,  as  will  appear. 

This  fat  matter,  in  fome  of  the  bodies,  was  very  beau- 
tiful, it's  furface  brilliant,  and  of  the  colour  of  gold  and 
filver,  and  appeared  covered  over  with  a  flight  ftratum  of 
mica,  whilft  fome  points  were  of  a  red,  orange,  and  car- 
nation colour,  and  of  extreme  brilliancy,  more  particu* 
larly  near  the  bones,  which  were  themfelves  penetrated 
with  it. 


ties  of  it. 
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From  the  account  of  the  fexton,  it  feems  nearly  three  Progrefs  of 
years  are  neceflfary  for  a  body  to  become  changed  in  the  tion  -m  ita* 
earth,  and  the  fucceftive  alterations  they  undergo  before  ^mnufat- 
they  arrive  at  the  ftate  already  mentioned,  are  the  follow-  ed  bodies, 
ing :  the  inhumed  bodies  appear  not  to  be  fenfibly 
changed  in  colour  before  feven  or  eight  days,  and  this  al- 
teration firft  takes  place  in  the  lower  belly,  as  is  the  cafe 
with  thofe  bodies  not  inhumed.  The  belly  fwells,  and 
appears  to  be  diftended  by  the  elaftic  fluids  difengaged 
from  the  incipient  decompofition,  and  this  follows  more 
or  lefs  early,  according  as  the  belly  is  more  or  lefs  large 
and  filled  with  fluids,  the  depth  it  is  buried,  and  morev 
particularly,  according  to  the  more  or  lefs  warm  tempe- 
rature of  the-  air.  Hence,  if  all  the  circumflances  fa- 
vourable to  this  firft  degree  of  putrid  decompofition  be 
united,  a  very  fat  body,  the  abdomen  of  which  is  expof- 
ed  to  moifture  by  being  buried  near  the  furface,  and  the 
feafon  warm,  will  become  fwelled  in  three  or  four  days, 
whilft  a  meagre  body,  deeply  inhumed,  and  in  a  cold 
feafon,  will  remain  feveral  weeks  unchanged.  It  is  a  fact 
worthy  of  obfervation,  that  the  ftate  of  the  atmofphere 
during  a  ftorm  has  great  influence  in  producing  this  fvvel- 
ling,  and  the  expreflion  of  the  gravedigger  is  that  the 
belly  bloats  at  the  approach  of  ilorms;  this  diftention  in- 
creafes  until  the  parts  are  fo  extended  and  relaxed  by  pu- 
trefaction, as  to  burft  with  a  fort  of  explofion,  which 
happens  near  the  umbilicus,  and  fometimes  around  the 
navel ;  from  this  wound  runs  a  fanious,  brownifh  fluid, 
of  a  very  fetid  odour,  and  at  the  fame  time  a  very  me- 
phitic  elaftic  fluid  is  difengaged,  the  dangerous  effects  of 
which  the  gravediggers  have  learned  to  dread  from  ex- 
perience. Multiplied  experience  likewife,  whieU  tradition 
has  confirmed,  has  inftructed  them,  that  it  is  only  at  this 
period  the  miafmata  difengaged  from  putrid  bodies  have 
any  effect,  from  which  real  danger  is  to  be  expected.  We  The  danger 

1    ^-.  .  7  .  attending 

are  informed  by  this  able  eliemiit,  that  fo  ftrong  is  this  them,      . 
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gas,  that  it  feveral  times  happened  when  the  pickax* 
has  accidentally  ftruck  upon  the  lower  belly,  an  elaftic 
fluid  efcaped,  from  which  the  perfon  employed  was  fud- 
denly  ftruck  down  in  afphixy,  and  hence  arifes  the  dan- 
gers of  the  fexton;  but  for  a  further  account  of  this  mi- 
afma,  vide  article  Miafmata. 

The  diftention  and  rupture  of  the  lower  belly  equally 
takes  place  in  bodies  heaped  together  as  in  the  pits,  and 
thofe  that  are  ifolated ;  but  the  changes  which  fucceed 
this  firft  period  of  fpontaneous  decomposition  are,  as  has 
been  already  mentioned,  very  different  in  each. 

The  ifolated  bodies  being  furrotmded  with  a  large 
quantity  of  moift  earth  are  entirely  deftroycd,  and  pre* 
vented  therefore  from  undergoing  all  the  fuccefiive  degrees 
of  common  putrefaction ;  this  deflruction  is  the  more 
quick,  the  more  humid  the  body  is,  and  according  as  the 
heat  or  coldnefs  of  the  feafon  is  accompanied  with  humi- 
dity. If,  on  the  other  hand,  the  ifolated  bodies  are  dry, 
or  emaciated  ;  if  the  earth  in  which  they  are  placed  is 
acid  and  void  of  humidity  ;  if  the  atmofphere  is  dry,  or 
if  the  rays  of  the  fun  falling  on  the  furface  favours  and 
accelerates  the  evaporation  ;  all  thcfe  circumftances  uni- 
ted exficcate  the  bodies  by  abforbing  or  volatilizing  the 
aqueous  parts,  and  by  contracting  the  folids,  fo  as  to 
give  rife  to  thofe  fpecies  of  mummies  before  mentioned. 

In  the  pits,  every  thing  is  different,  the  great  mafs  of 
bodies  heaped  upon  each  other,  and  at  a  great  depth, 
are  not  as  the  ifolated  ones  are,  expofed  to  the  influence 
of  external  agents,  or  if  at  all,  in  a  very  inferiour  degree; 
hence  the  changes  they  are  fubject  to  depend  on  their 
own  fubflance. 

When  the  rupture  of  the  lower  belly  has  taken  place, 
the  abdominal  putrefaction  that  caufed  it  appears  to  have 
already  diforganized  the  vifcera  of  this  cavity,  thefto- 
mach  and  interlines  no  longer  form  a  continued  mere- 
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branous  tube.  Broken  in  many  parts,  and  already  dif- 
folved  into  a  putrid  fanies,  this  procefs  becomes  more  ra- 
pid and  totally  deftroys  the  texture;  the  parenchyma  of 
the  liver,  however,  from  it'sfolidity  perhaps,  feems  to  re- 
lift  this  feptic  menftruum,  the  putrefaction  does  not  ad- 
vance to  a  complete  deftruclion  from  the  deficiency  of 
humidity,  and  fuch  undoubtedly  is  the  caufe  of  thofe 
fragments  of  fat  that  are  found  inftead  of  all  the  abdo- 
minal vifcera. 

The  put  refaction  excited  in  the  abdomen  foon  commu- 
nicates with  the  thorax  by  diflolving  the  fibres  of,  the 
diaphragm  ;  hence  the  more  or  lefs  complete  deftru&ion 
of  the  veifels,  membranes,  and  all  the  foft  parts  of  this 
cavity,  every  thing  announcing  that  it's  diforganization 
goes  on  at  the  fame  time  as  the  abdomen's,  or  atleaft  very 
foon  after  ;  hence  in  this  part  only  a  few  irregular  malTes 
of  fat  remain.  The  fame  diforganization  takes  place 
with  more  or  lefs  energy  in  all  the  mufcular,  tendinous^ 
and  ligamentous  parts  that  furround  the  bones,  according 
to  their  foftnefs  and  the  quantity  of  their  aqueous  parts; 
the  converfion  into  this  fat  fubftance  fucceffively  pervades 
every  part ;  every  thing  that  is  membranous  and  more 
or  lefs  mucous  is  deftroyed  and  difappears,  and  there 
is  no  longer  any  trace  of  veflels,  nerves,  or  aponeu- 
rotic in  thofe  manes  of  fat  that  cover  the  bones  of  the 
extremities;    all  are  converted  into  this  fubftance. 

Fourcroy,  on  examining  the  other  cemeteries,  -  found 
that  the  fame  alteration  took  place  in  the  inhumed  bodies 
as  in  that  of  the  Innocents ;  hence  the  formation  of  this 
curious  fubftance  does  not  belong  exclufively  to  the  foil, 
but  takes  place  perhaps  univerfally  where  bodies  are  buried 
in  large  mafles  by  the  fide  of  each  other,  and  where,  be- 
ing lefs  expofed  to  the  aclion  of  thofe  agents  that  operate 
in  common  external  putrefaction,  are  only  expofed  to  the 
reaction  of  their  own  component  parts  on  each  other, 

vol.  m.  s 
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To  this  may  be  added,  that  this  chemift  likewife  found, 
on  vifiting  a  great  number  of  burial  places  in  Paris,  that 
the  change  of  bodies  into  mummies  by  exficcation  was 
much  more  common  in  a  great  number  of  foils  than  is 
generally  fuppofed. 
The  con-         The  bodies  converted  into  this  fubftance  in  thofe  pits 

verfion  into    ,        .  .  r,.    ,  r  , 

fat  aricrts    that  have  been  filled  up  tor  40  years,  prove,  that  once  ar- 

fadtive  pr".  ^ved  at  tnat  ^ate  tne>'  are  caPaD^e  °f  being  preferved  a 
ccf».  long  time  without  being  fubject    to  intire  deftruction, 

whilft  nature  at  the  fame  time,  who  {pares  nothing,  mult 
certainly  be  in  pofTeffion  of  fome  means  of  decompofing 
this  new  fubftance,  and  of  reducing  it  again  to  it's  ele- 
ments. What  became  of  it  when  formed,  this  celebrated 
chemill  was  defirous  of  rinding  out,  but  the  mod  experi- 
enced and  oldeft  grave  diggers  were  not  able  to  atford  him 
the  leaft  fatisfaction  on  this  interesting  point.  Some 
facts  however,  appear  to  authorize  a  belief  of  his  having 
discovered  one  of  the  procefTes  by  which  it  is  detached 
from  the  bones,  and  decompofed. 
It's  final         In  fome  of  the  coffins  that  had  been  deranged  from  their 

deconipou-  .  , 

tion.  horizontal  to  an  oblique  pofition  from  part  of  the  earth 

having  given  way,  the  inferiour  portion  of  the  body  was 
found  reduced  to  the  ftate  of  a  (keleton,  whilft  the  fupe- 
riour  part  dill  preferved  it's  malTes  of  fat  :  hence  a  men- 
ftrual  caufe  was  looked  for  that  had  acted  on  the  lower 
without  touching  the  upper  part. 

On  examination,  this  chemill  found  in  the  inferiour 
part  of  the  coffins  a  brown  and  fcetid  fluid,  the  earth 
about  them  was  likewife  moift  and  penetrated  with  the 
fame  matter  as  the  water  in  the  coffins  ;'  thefe  were  only 
to  be  found,  however,  at  the  bottom  of  the  pits,  and  in 
general  the  fat  of  all  the  bodies  that  occupied,  this  region 
was  the  fofteft,  the  moll  changed,  and  the  leaft  in  quan- 
tity. Thefe  phenomena  indicated  to  him  the  action  of 
rain  water  which  had  fHtercd  itfelf  through  the  earth. 
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was  colle&ed  at  the  bottom  of  the  pits,  where  it  bathed 
that  part  of  the  bodies  within  it's  reach,  and  was  im- 
bibed by  the  fat  matter.  This  account  was  corroborated 
by  the  gravediggers,  who  obferved,  that  after  long  and 
heavy  rains  the  foil  at  the  top  of  the  pits  is  apt  to  fink 
for  fome  inches.  This  proves  the  reafon  of  the  diminution, 
in  the  mafs  of  bodies,  the  fat  or  foluble  part  of  which  is  by 
degrees  taken  up  by  the  water,  and  diflributed  in  more 
minute  particles  to  the  furrounding  earth,  and  in  which 
this  chemift  found  the  elements  of  this  peculiar /ub- 
ftance.  Such  is  the  progreflive  fucceffion  of  the  natural 
phenomena  obferved  by  Fourcroy  in  the  changes  bodies 
undergo  in  the  earth;  but  he  very  properly  adds,  it  is 
only  an  imperfect  fketch  of  a  great  picture,  to  which  fu- 
ture chemifts  muft  add  the  finifhing  touches. 

To  render  it  more  perfect,  and  to  know  and  defcribe, 
in  all  it's  ftages,  the  flow  and  gradual  decompofition  of 
dead  bodies  inhumed  in  the  bofom  of  the  earth,  is  a  la- 
mentable tafk ;  it  is  to  be  indefatigable  for  an  age  in  the 
moil  forrowful  investigations,  and  to  live  amongft  tombs, 
and  breathe  the  noifome  effluvia  arifing  from  them. 

From  the  experiments  which  Fourcroy  made  on  this  ExprH- 
fat  matter,  it  appears  that  it  is  an  ammoniacal  foap  formed  Xfervatbn* 
of  a  peculiar  concrefcible  oil,  united  in  different  proportions  °n  the  fat. 
with  ammonia;  and  that  this  foap  likewife  contains  fmall 
quantities  of  the  phofphats  of  ammonia  and  lime,  which', 
however,  do  not  enter  the  faponaceous  combination,  but 
are  only  interpofed  between  it's  particles ;  their  quantity 
likewife  varies  in  a  fingular  manner. 

With  refpecl:  to  the  proportion  of  ammonia,  it  is  al- 
moft  impoffible  to  afcertain  how  much  the  fat  contains. 
It's  proportion  varies  according  to  the  time  it  has  been 
taken  out  of  the  earth,,  as  was  proved  by  it's  flowxle- 
compofition  when  expofed  to  the  air,  for  the  ammonia 
not  being  very  adherent,  an  external  heat  above  15°  is 
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Sufficient  in  time  to  effect  it's  reparation;  the  proportion 
likewife  probably  varies  at  the  period  of  it's  formation  in 
each  body,  which  depends  in  particular  on  the  nature  of 
the  body  itfelf.  This  matter  therefore  is  not  to  be  re- 
garded as  always  identic,  and  as  containing  the  fame 
principles  in  the  fame  proportion.  The  ftate  of  each 
body,  the  epoch  of  it's  burial,  the  fituation,  the  height 
it  occupies  in  the  pit,  the  number  of  bodies,  the  difpo- 
fition,  the  greater  or  lefs  quantity  of  them,  mud  have 
great  effect  on  the  difference  in  the  quantities  of  the  com- 
ponent parts  of  this  foap.  Likcwife  when  it  is  expofed  to 
the  air  on  being  taken  from  the  pits,  the  proportion  of 
it's  principles  will  vary  aecording  to  the  place  it  is  expofed 
in,  the  fize  of  the  pieces,  and  the  temperature  and  dry- 
nefs  of  the  air.  But  the  mod  cflential  point  to  know,  is, 
that  this  foap  continually  tends  to  decompofition,  that 
the  ammonia  is  by  degrees  difengaged,  and  that  at  lad 
the  febaceous  matter  which  makes  the  bafis  of  it  is  left 
intirely  naked  and  in  the  form  of  a  yellowifh  oily  concre- 
tion, fern i transparent,  dry,  brittle,  and  granular  in  it's 
fracture. 

This  fat  is^difTolved  neither  by  cold  nor  boiling  water, 
but  it  abforbs  it  with  fuch  activity,  and  adheres  to  it  in 
fuch  a  manner,  that  it  retains  a  great  quantity  which  An- 
gularly augments  it's  volume.  This  adherence  renders 
the  water  thick  and  vifcous,  and  prevents  it  from  palling 
through  the  pores  of  the  filtering  paper.  On  the  addi- 
tion of  fulphuric  acid,  Fourcroy  found,  that  a  gas,  or 
rather  an  odorous  effluvium  was  extricated,  of  an  infupport- 
able  fcetidity  ;  it  was  very  fixed,  and  infected  the  labora- 
tory for  feveral  days  afterwards,  although  the  windows 
were  often  kept  open.  This  gas,  therefore,  is  very  diffe- 
rent from  that  of  common  fat.  By  the  nitric  acid  azot 
gas  was  only  extricated,  when  the  fat  contained  the  re- 
mains of  fibres  j  when  pure  it  affords  carbonic  acid  gas. 


PUTREFACTION.  26l 

This  oil,  or  concrete  oily  matter,  appears  to  be  different  l*anew 

.  /  .  produftioa. 

from  all  others  hitherto  difcovered,  and  is  a  new  product 
arifing  from  the  decompofition  of  bodies  under  certain 
circumftances,  which  had  efcaped  the  attention  of 
chemifts.     For  a  particular  account  of  it  vide  animal  oils. 

A  fimilar  decompofition  appears  to  have  taken  place  in  A  fimilar 
a  liver,  which  although  it  hall  been  expofed  to  the  exter-  in  a  human 
nal  air,  feems,  by  having  become  exficcated,  to  have  ef-  llver' 
caped  the  total  decompofition  which  is  the  confequence 
of  fuch  expofure.  In  the  beginning  of  the  year  1785  a 
piece  of  human  liver  was  examined  by  Fourcroy,  which 
he  received  from  Poulletier  de  la  Salle ;  this  liver  had 
been  expofed  for  more  than  ten  years  to  the  open  air  fuf- 
pended  by  a  packthread  ftring.  It  had  at  fir  ft  given  out 
a  difagreeable  putrid  odour,  had  been  in  part  deftroyed  by 
the  larvae  of  feveral  infe&s,  but  without  being  totally  dif- 
folved  by  putrefaction,  was  become  reduced  by  degrees  to 
a  gray  friable  matter,  and  for  three  or  four  years  appeared 
not  to  have  undergone  any  new  alteration.  From  the 
firft  afpeel:  of  this  piece  of  liver  it  might  have  been  mif- 
taken  for  an  earthy  fubftance,  analogous  to  that  called 
mineral  agaric;  on  a  clofer  examination  however,  fome 
portions  of  dried  membranes  of  a  brown  colour  were  very 
evident,  together  with  fome  vafcular  parts  equally  dried. 
When  rubbed  between  the  fingers  it  was  greafy  and  foft 
to  the  touch,  refembling  foap.  From  the  experiments 
this  chemift  made  upon  it,  although  he  was  limited  as  to 
the  quantity,  it  appears  to  be  analogous  to  what  he  found 
in  the  remains  of  the  bodies  above  mentioned,  inhumed 
in  the  cemetery  at  Paris,  or  in  other  words,  that  it  was  a 
concrete  oil  refembling  fpermaceti. 

lft.  A  fmall  portion  of  it  placed  on  a  hot  coal  at  firft 
became  foft,  and  exhaled  an  odour  fimilar  to  burnt  fat  5 
it  then  melted,  fwelled,  and  became  black ;  on  incinera* 
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tion,  the  light  carbonaceous  matter  was  converted  into  a 
white  afli. 

2d.  On  diftillation,  half  an  ounce  afforded  a  few  drops 
of  a  white  aqueous  infipid  fluid,  which  was  foon  fuc- 
ceeded  by  a  thicker  fluid,  and  an  oily  white  fmoke,  which 
was  condenfed  in  the  neck  of  the  retort  into  a  white  con- 
crete matter;  afterwards  a  very  putrid  difagreeable  odour 
was  perceived,  the  concrete  oil  became  of  a  ruft  colour ; 
carbonated  hydrogenous  gas  was  obtained.  A  great 
part  of  the  liver  had  paffed  without  decompofition.  The 
concrete  oil  in  the  neck  of  the  retort  had  a  lamellated  and 
cryftalline  appearance.  The  produces  fliowed  no  figns  of 
either  an  acid  or  an  alkali. 

3d.  Two  ounces  of  hot  water  diflblved  a  little  out  of 
one  drachm.  The  folution  was  white  and  opake,  had  a 
flight  foapy  odour,  and  fenfibly  changed  the  fyrup  of  vi- 
olets green ;  the  undiflblved  portion  melted  by  heat, 
cryftallized  on  cooling,  had  a  fat  odour,  and  inflamed ; 
this  flight  folubility  ihowed  it  confifted  of  an  oily  con- 
crefcible  matter. 

4th.  A  drachm  of  it  triturated  with  half  an  ounce  of 
the  cauftic  lye  of  potafh  produced  a  flight  odour  of  am- 
monia ;  boiled  for  half  an  hour  and  filtered,  the  folution, 
on  cooling,  became  concrete,  of  a  brown  colour,  and  dif- 
folvcd  in  every  proportion  in  boiling  diftilled  water,  leav- 
ing no  refiduum.  It  appeared  that  the  whole  of  ihe  liver 
had  been  diflblved  by  the  alkali,  even  it's  membranous 
and  fibrous  parts.  This  folution  in  water  frothed  very 
ftrongly  on  agitation,  and  on  cooling  depofited  fome  white 
light  flakes.  Limcwater,  acid,  and  earthy  neutral  falts 
precipitated  them  more  abundantly.  Hence  the  alkali 
had  diflblved  a  fat  oily  matter,  and  formed  with  it  an  ho- 
mogeneous foap. 

5th.  Two  ounces  of  alcohol  with  one  drachm  of  the 
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levigated  liver  expofed  to  a  gentle  heat  diflolved  about 
half  of  it,  and  the  refiduum  treated  twice  more  with  al- 
cohol, there  only  remained  20  grains  undiflblved,  formed 
of  membranes  and  veffels  that  had  efcaped  the  action  of 
the  alcohol.  On  the  addition  of  water,  a  fubftance  was 
precipitated  in  the  form  of  white  flakes,  which  was  a 
concrete  oil  refembling  fpermaceti,  for  which  vide  animal 
oils, 

6th.  The  oil  exprefled  from  the  liver  after  expofure  to 
a  heat  of  68°  of  Reaumur,  in  water,  and  rendered  con- 
crete by  cold,  had  nearly  all  the  properties  of  that  dif- 
folved  in  alcohol,  except,  firft,  it  had  more  colour,  and 
was  more  fetid.  Second,  it  contained  a  portion  of  foap, 
which  the  water  had  feparated  from  the  alcoholic  folution 
in  the  firft  inftance. 

7th.  The  portion  of  foapy  matter  regarded  as  an  ex- 
tract in  the  firft  experiment,  excited  the  attention  of  this 
chemift.  It  was  certain  that  water  as  well  as  alcohol  ex- 
tracted it  from  the  dried  liver;  but  there  was  too  little  of 
the  liver  left  to  make  any  experiments  upon  to  find  out 
the  nature  of  this  foap.  It  appeared  to  be  formed  of  the 
fame  concrefcible  oil  as  that  extracted  by  expreffion,  &c. 
It  was  even  conjectured  by  this  chemift,  that  before  the 
complete  alteration  of  the  liver,  and  it's  total  conversion 
into  a  concrete  oily  fubftance,  this  oil  was  at  firft  in  a 
foapy  ftate  intirely  united  to  foda  and  ammonia,  fince  it 
appeared  that  the  portion  of  ammoniacal  foap  ftill  re- 
maining in  this  piece  of  liver  proved,  by  the  ammoni- 
acal odour  difengaged  by  quicklime,  and  it's  infolubility 
in  water,  to  be  more  abundant  in  that  portion  of  the 
liver  that  was  deeper  and  lefs  expofed  to  the  air  than  that 
examined.  Such  are  the  experiments  he  made  on  this 
fubftance. 

Hence  it  appears,  that  this  concrete  oily  matter  found 
in  the  bodies  in  the  churchyard  at  Paris,  and  in  the  hu- 
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man  liver,  is  the  conftant  product  of  a  flow  decompofi- 
tion,  of  a  long  putrefaction. 
^"vco™1"  Another  inftance  of  a  fimilar  converfion,  and  in  confe- 
verted.  quence  the  long  preservation  of  a  certain  organ  of  the 
body,  is  the  brain.  The  propenfity  of  the  brain  to  cor- 
rupt before  moft  other  parts  of  the  body  is  well  known 
to  difTectors,  and  yet  under  certain  circumftances,  it  is 
the  lad  vifcus  deftroyed  by  putrefaction  ;  and  this  Angu- 
lar faculty  of  rending  deftruclion  has  been  long  ago  ob- 
ferved.  Fabricius  de  Hilden  relates,  after  George  Faber, 
an  example  of  this  kind  ;  the  body  had  been  buried  50 
years,  but  the  brain,  he  informs  us,  had  undergone  no 
fenfible  alteration  ;  it  was  white,  ran  like  an  oily  matter, 
yet  exhaled  no  noifome  fmtll.  According  to  Theo- 
philus  Raynaud,  a  brain  was  found  at  Avignon  equally 
foft  and  of  the  fame  nature,  whilil  the  body  had  been 
buried  a  great  number  of  years.  Peter  Borell  gives  an 
account  of  the  brains  of  forne  maflacred  people,  whofe 
bodies  had  been  thrown  into  the  wells  of  the  Domini- 
cans, at  Ceftres,  that  after  So  years  were  ftill  foft  and 
without  flench.  A  memorable  examble  of  the  fame 
kind  was  found  in  the  celebrated  catacombs  of  Kiovie, 
on  the  banks  of  the  Borifthcnes,  a  description  of  which 
we  owe  to  Herbinius.  This  author  atTerts,  that  the 
crania  of  a  great  number  of  mummies  perfectly  preferved 
in  thofe  places,  are  rilled  with  a  fat  and  oily  matter  that 
runs  from  them.  The  refemblance  of  this  oily  matter 
with  that  already  mentioned  by  Fourcroy,  is  a  proof  of 
the  obfervation  having  been  made  before,  although  no 
experiments  had  been  made  upon  it. 
3.  Aqurous  3.  Aqueous  putrefafiion.  It  alfo  appears,  that  all  ani- 
mal fubftances,  except  the  bones,  nails,  and  hair,  are 
equally  fufceptible  of  being  converted  into  this  fatty 
matter  on  being  expofed  to  the  effects  of  water. 
Rouelle  and  d'Arcet,  in  1777,  had  obferved  aphenome- 
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non  of  this  kind  in  a  dog,   found   under  water  in  the  Converfioa 
Seine,  all  the  flefh  of  which  was  converted  into  this  fub-  °   a   °S* 
ftance.     This  facl:  has  been  fince  confirmed  by  the  expe- 
riments of  Gibbs;  for  having  placed  at  different  times  a 
couple  of  cows  and  two  horfes  in  water,  or  in  a  running  Cow. 
ftream,  the   fleih  was  converted   into  a  fubftance  refem- 
bling  fpermaceti.     The   cow  was  placed  in  a   fituation  Horfc 
where  the  water  could  have  accefs  twice  a  day;   over  it 
fome  loofe  earth  was  thrown  :  after  it  had  remained  fome 
time,   on  pufhing  a  flick  through  the  earth  to  the  body, 
a   prodigious  quantity  of  extremely  offenfive   air  arofe, 
and  in  one  year  and  a  half  the  whole  mufcular  part  was 
changed    into  this  white  concrete  matter.     The  water 
over  the  animals,  and  for  fome  diftance  around  them,  is 
covered  with  a  beautiful  pellicle,  which  is  white  in  gene- 
ral ;  fometimes  it  refracts  the  fun's  rays,  producing  the 
prifmatic  colours.  He  likewife  expofed  a  piece  of  beef  in 
a  box  pierced  with  holes  to  the  current,   and  found  it  had 
undergone  a  fimilar  transformation  in  one  month  after. 

Fifh  may  alio  be  changed,  and  it  appears  this  concrete  Converfion 
matter  is  formed  in  the  body  of  an  animal.     Gibbs  ob-r  "' 
ferved,  on  feeing  a  body  opened  where  there  was  a  great 
collection  of  water  in  the  cavity  of  the  thorax,  that  the 
furface  of  the  lungs  was  covered   with  a  whilifh  cruft,  Suiface  of 
which  he  attributes  to  fome  combination  that  had  taken   le  urtgs* 
place  between   the  lungs  or  pleura  and  the  ferous  fluid 
effufed,  fimilar  to   that  between  flefh  and  water.     Dr. 
Cleghorn  alfo  mentions  a  fimilar  circumftance,  in  fpeak- 
ing  of  abfcefles  formed   in  the  luncrs.     Thefe  abfcefles 
had  fometimes  emptied  themfelves  into  the  cavity  of  the 
thorax,  fo  that  the  lungs  floated  in  purulent  ferum,  and 
their  external  membrane  and  pleura  were  greatly  thicken- 
ed, and  found  to  be  converted  into  a  whitifli  cruft,  like 
melted  tallow  grown  cold. 

The  only  difference  on  comparing  this  fubftance  with 
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that  formed  in  the  cemeteries  of  Paris  was,  that  where 
large  maflfes  of  bodies  are  inhumed  the  concrete  oily 
matter  or  fpermaceti  appears  in  the  form  of  a  foap, 
whilft  in  thofe  immerfed  in  water  the  ammonia  is  not 
formed,  or  if  formed,  is  diflblved  and  carried  away  by 
the  fluid  in  proportion  as  it  takes  place. 
Human  The  human  foetus  has  been  like  wife  found  to  be  con- 

fictus. 

verted  into  a  fatty  fubftance  from  remaining  in  the  li- 

-  quor  amnii,  and  there  is  a  fimilar  fubftance  to  be  met 

with  in  that  liquid  which  is  depofited  upon  certain  part 9 

And  the      0f  the  foetus,  called  by  Bunifa  and  Vauquelin  the  ca- 

cafoous  .      .  '  § 

matter        feous  matter,  it  is  fuppofed  to  be  a  converfion  of  the  al» 
_oun  upon  bumen<     yuie  artic]e  Liquor  Amnii. 

This  converfion  of  animal  fubftances  into  an  oily  mat- 
ter refembling  fpermaceti  may  be  produced  artificially,  by 
means  of  the  nitric  acid  3  for  an  account  of  which,  vide 
Animal  oils. 

It  appears,  therefore,  to  be  this  ftate  that  all  animal 
matters  pafs  into  under  certain  circumftances,  /.  e,  when 
the  external  air  is  prevented  from  a&ing  upon  them  fo  as 
to  have  no  influence  on  their  decompofition,  either  by 
their  being  heaped  together  in  large  mafles,  by  partial 
Explana-     exficcation,  by  water,  or  by  nitric  acid. 

To  account  for  the  changes  animal  fubftances  undergo 
on  being  converted  either  fpontaneoufly  or  artificially, 
into  this  lingular  matter,  which  is  a  more  fimple  ftate  of 
composition,  the  quantity  and  proportion  of  the  primitive 
materials  of  the  different  animal  fubftances  fufceptible  of 
it  nau ft  be  previoufly  known,  and  fcarcely  nothing  has  yet 
been  done  in  chemiftry  to  afford  this  knowledge.  The 
component  parts  of  animal  matters  may,  however,  be 
reduced,  as  before  obferved,  to  oxvgen,  carbon,  hydro- 
gen, and  azot,  for  the  fulphur,  phofphorus,  lime,  and 
foda,  contribute  nothing,  according  to  Fourcroy,  to  their 
formation,  if  the  phofphat  of  lime  be  excepted,  which 
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conftitutes  bones,  and  which  has  no  influence  on  the 
above  change.  According  to  modern  chemiftry,  the  foft 
animal  matters,  thefkin,  mufcles,  ligaments,  &c.  may  be 
regarded  as  different  kinds  of.  carbonated  oxyd  of  hydro- 
gen and  azot.  and  thefe  oxyds,  more  complicated  thati 
thofe  of  vegetable  fubftances,  tend  even  more  on  that  ac- 
count inceflantly  to  alteration  ;  the  equilibrium  of  their 
combination  is  eafily  deftroyed,  and  this  is  brought  about 
by  the  leaft  changes  in  the  temperature  and  humidity  that 
furround  them.  Thefe  inconteftible  principles  being  laid 
down,  the  decompofition  of  thefe  matters  and  the  forma- 
tion of  the  fat  may  be  explained  in  the  following  manner. 
The  carbon  efcapes  in  great  quantity  in  the  form  of 
carbonic  acid  gas,  either  by  reaching  on  the  aqueous  part, 
or  by  limply  abforbing  the  oxygen  they  contain.  This 
volatilization  of  the  carbon  with  the  oxygen  is  the  prin- 
cipal caufe  of  the  confiderable  lofs  animal  fubftances  uri- 
dergo  in  their  converfion  into  fat,  for  this  laft  only  forms 
the  tenth  or  twelfth  part  of  every  body.  The  azot,  a 
principle  fo  abundant  in  thefe  fubftances,  combines  with 
the  hydrogen,  and  forms  ammonia,  one  part  of  which  is 
difengaged  in  vapours,  whilft  the  other  part  remains  fixed 
in  the  fat;  the  refiduum  of  thefe  fubftances  thus  deprived 
of  a  great  part  of  their  carbon,  of  their  oxygen,  and  of 
all  their  azot,  which  laft  no  longer  exifts  in  well  formed 
fat,  is  found  to  contain  a  much  larger  portion  of  hydro- 
gen, and  it  is  fcl&i'carbonated  and  (lightly  oxy dated  hy- 
drogen that  conftitutes  this  peculiar  concrete  oily  matter, 
or  adipo-wax,  as  it  has  been  called,  the  union  of  which 
with  the  ammonia  forms  the  animal  foap  called  fat. 
There  only  remains  to  determine  whether  it  is  the  oxygen 
contained  in  the  animal  oxyd,  or  that  which  formsacon- 
ftitusnt  part  of  the  water,  that  ferve.s  to-compofe  this  oxyd, 
inordertobringaboutthedecompofition:  andtoaccomplifli 
this;  two  fa£b  are  wanting,  viz.  the  exa6l  proportion  of 
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the  animal  oxyd,  and  that  of  the  fat  at  the  moment  it  is 
formed,  and  which  further  experiments  muft  provide, 
although  Fourcroy  feems  to  be  of  opinion,  that  from  the 
confiderable  proportion  of  hydrogen  exifting,  whether  in 
the  ammonia  formed  or  in  the  adipo-wax,  it  might  give 
reafon  to  fuppofe  that  the  decompofition  of  the  water  is 
neceflfary  to  this  fpontaneous  operation. 

Having  given  an  account  of  the  different  fpecies  of  pu- 
trefaction, it  will  be  neceflfary,  before  concluding  the  fub- 
ject, to  take  a  view  of  one  of  it's  productions,   which, 
from  the  dangerous  tendency  or  fatality  of  it's  nature, 
Miafviuta,    has  at  various  periods  of  time  fpread  alarm  and  terrour  in 

the  fou  ce  * . 

ofinfeaion.  all  ages,  and  almoft   in  all  countries;  this  is  the  putrid 
matter  which  is  the  fource  of  infection. 

Amongft  the  evils  to  which  the  living  body  is  expofed, 
the  moft  dangerous  perhaps  are  to  be  met  with  when  the 
atmofphere  we  breathe  is  rendered  pernicious  by  the  ge- 
neration of  thofe  deftruetive  putrid  exhalations  which 
produce  difeafes,  commonly  called  peftilential ;  and  as 
thefe  caufes  are  too  fubtile  to  be  difcovered  by  any  of  our 
fenfes,  and  are  only  made  known  by  fatal  experience,  it  is 
from  chemiftry  alone  we  can  hope  for  relief,  and  by  invef- 
tigating  the  nature  of  fuch  caufes,  collect  means  in  order 
to  prevent,  mitigate,  or  deflroy  them. 

But  little  Perhaps  no  fubject  is  lefs  underftood ;  it  may  be  faid  to 

be  involved  in  impenetrable  darknefs;  while  other  fub- 
jects  of  inquiry  have,  in  the  progrefs  of  human  reafon, 
at  lead  been  attempted  to  be  inveftigated,  the  remote 
caufe  of  infection  has  remained  a  fubject  of  doubt,  a 
difmal  fomething  upon  which  fcarcely  a  conjecture  has 
been  made,  the  origin  of  which  no  one  durft  hazard  to 
inveftigate,  and  of  which  the  operations  appear  to  be  ca- 
pricious, multifarious  and  unaccountable. 

Tfee'u  pro-       It  is  well  known,  that  during  the  fpontaneous  decomr 
pontion  of  vegetable,  vegeto-anjmal,  but  more  particularly 
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of  animal  fubftances,  a  gafgous  invifible  matter  (as  be- 
fore obferved)  is  extricated  ;  and  this  is  capable  of  acting 
more  or  lefs  powerfully  on  the  living  animal  body,  and 
of  producing  different  degrees  of  difeafe,  from  the  com- 
mon intermittent  or  ague,  to  the  mod  terrible  of  all  dis- 
orders the  plague,  and  when  this  vapour  is  in  it's  moft 
concentrated  ftate,  it's  poifon  is  fo  deleterious  as  to  pro- 
duce immediate  death.    This  poifonous  effluvium  is  called 
miafina,  or  perhaps  more  properly,  miafmata.     It  is  found 
to  exift  in  low  marfliy  and  fwampy  grounds,  in  and  about 
the  environs   of  cemeteries  in  which  numerous  bodies 
have  been  inhumed,  and  wherever  large  quantities  of  ve- 
getable, or  vegeto- animal,  or  animal  matters  are  expofed 
to  the  open  air  under  a  hot  fun,  fo  that  they  may  attain 
their  higheft  degree  of  putrefaction.     It  differs  however 
in  it's  virulence  ;  thus  in  the  northern  climates  where  the 
procefs  of  putrefaction  is  very  flow  from  the  acceffories 
being  moderate,  the  difeafes  miafmata  produce  are  gene- 
rally agues,  and  they  feldom   extend  beyond  dyfentery; 
but  in  the  eaftern  parts,,  as  in  Bengal,  on  both  fides  of  the 
Ganges,  in  Louifiana,  overflowed  by  the  Miffiffippi,  and 
in  Egypt,  covered  annually  by  the  Nile,  when  the  waters 
retire  and  leave  behind  them  the  mud  and   flime,   the 
great  heat  of  the  fun  acting  with  unremitting  force  upon 
the  relics  which  teem  with  myriads  of  animal  beings,  the 
miafmata  produced  are  fo  virulent,  as  to  give  rife  to  the 
moft  dreadful  peftilence,  and  in  the  moft  deadly  form. 

The  term  infeclion  has  been  generally  employed  as  fy-  Diftin&ion 
nonymous  with  contagion,  and  often  with  miafmata ;  but  mfde  h.e~ 
feveral  authors  of  late,  particularly  Dr.  Baily,  an  eminent  fedion  and 
phyfician  of  New  York,   who  firft  made  the  diftin&ion,  conU*l0lu 
have  employed  thefe  terms  to  exprefs  different  meanings; 
and  Webfter  has  adopted   the  fame  diftin&ion.     They 
affirm,  that  the  circumftances  that  characterize  infecliim 
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are,  that  it  produces  epidemics  that  extend  over  immenfe 
tracts  of  country  ;  that  it's  difeafes  are  not  eafily  commu- 
nicated out  of  the  peftilential  atmofphere,  and  that  it  is 
mitigated,  fufpended  or  deftroyed  by  cold.  On  the  con- 
trary, the  principal  features  of  contagion,  are,  that  it  pro- 
duces difeafes,  but  not  to  any  great  extent,  that  they  pro- 
pagate themfelves,  and  that  it  is  favoured  by  cold.  They- 
affert,  that  the  fever  which  owes  it's  origin  to  certain 
connexions  with  the  putrefaction  of  dead  vegetable  and 
animal  matters,  mows  no  difpofition  to  propagate  itfelf, 
whilft  the  fever  arifing  from  a  connection  with  the  living 
human  body  in  a  certain  .difeafed  flate,  as  in  meazles, 
fmallpox,  &c.  multiplies  with  great  activity.  The  one  is 
peculiar  to  particular  dates  of  the  climate,  exifts  generally 
in  the  autumnal  months,  in  hot  climates,  and  but  rarely 
in  cold,  although  it  has  appeared  from  general  changes 
in  the  climate,  even  in  the  more  northern  regions ;  the 
other  is  not  peculiar  to  feafon  or  climate,  appears  oftener 
in  winter  than  in  fummer,  and  in  temperate  than  in  hot 
climates;  but  as  it  depends  upon  adventitious  caufes,  it 
fometimes  commits  ravages  in  fummer,  and  has  even  ap- 
peared in  the  torrid  zone;  the  one  originates  from  natu- 
ral fources,  the  other  from  artificial  ones  ;  fuch  is  the  ge- 
neral hypothefis  of  this  diftinction,  the  conclufion  of 
which  is,  that  infectious  difeafes  arifing  from  miafmata 
are  not  communicated,  whilft  contagious  difeafes  are. 
Ancient  A  variety  of  authors  have  contended  for  and  again  ft 

TlZ°<lCrn  ^ie  contagi°n  of  peftilential  difeafes ;  among  the  anci- 
on  the  cun-  ents,   Galen,   Ariftotle,    Thucydides,  Seneca,   Foreftus, 
pyemia!  Profper  Alpinus,  Diemerbroeck,  Sydenham,  and  others, 
difeafes.      C0l-,tend,  that  the  plague  as  well  as  other  peftilential  dif- 
eafes  is  contagious;  whilft  Procopius,   and  thofe  who 
oppofe  the  doctrine  of  contagion,   not  only  produce  as 
authority,   the  filence  of   Hippocrates,  Avicenna,  and 
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pother  Arabian  phyficians,  on  the  fubject,  but  they  affirm, 
that  if  the  plague  was  a  contagious  difeafe,  it  would  always 
infect  thofe  who  communicated  with  the  difeafed. 

Amongft  the  moderns,  befides  the  two  already  men- 
tioned, Dr.  Smith,  of  America,  and  Dr.  Maclean,  have 
fupported  the  fame  opinion.  The  latter,  in  a  fmall  trea- 
tife,  has  attempted  to  prove  that  the  plague,  dyfentery, 
and  other  epidemics,  are  never  propagated  by  contagion, 
for  only  a  very  fmall  portion  of  thofe  that  have  been  ex- 
pofed  to  the  action  of  the  effluvia  of  the  deceafed  are 
ever  affe&ed  by  the  diftemper ;  he  concludes  thofe  difeafes 
only  to  be  contagious  which  muft  necefiarily  act  and 
communicate  the  difeafe  within  a  certain  diftance,  as  the 
fmallpox,  meafles,  and  which  can  only  be  received  once 
by  the  fame  perfon  ;  whilft  the  others,  which  may  affect 
a  perfon  feveral  times  during  his  life,  are  caufed  by  certain 
ftates  or  viciffitudes  of  the  atmofphere  only.     He  affirms, 

.  that  the  exiftence  of  contagion  in  the  plague,  dyfentery, 
and  fevers,  has  been  uniformly  taken  for  granted,  not  only 
without  proof,  but  even  contrary  to  the -evidence  of  nu- 
merous and  convincing  facts. 

Although  thefe  and  feveral  other  phyficians  of  emi- 
nence, particularly  Dr.  •  Rufh,  of  Philadelphia,  whofe 
opportunities  of  obferving  the  yellow  fever,  or  plague,  of 
America,  have  been  very  great,  are  of  opinion,  that  pef- 
tilential  difeafes  arifing  frommiafmata  are  not  contagiousj 
ytt  as  fuch  opinions  may  as  yet  be  looked  upon  as  con- 
jectural, without  any  direct,  explicit,  and  perfectly  decid- 
ing facts,  to  place  fuch  opinions  beyond  the  reach  of  all 
doubt  and  controverfy,  it  would  be  highly  improper  in  the 
prefent  ftate  of  knowledge  on  this  fubject,  for  either  the 
magiftrate  or  the  phyfician  of  a  board  of  health  to  di- 
veft  themfelves  of  the  leaft  precaution,  either  by  putting 
an  end  to  quarantine,  or  by  not  applying  to  every  other 
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means  that  might  place  the  fafety  and  welfare  of  their 
fellow  citizen?  beyond  every  the  flighted  fufpicion  and 
fear  of  fuch  terrible  calamities. 

Among  the  numerous  opinions  given  refpecting  the 
caufcs  of  peftilential  difcafes,  whilit  fome  have  even  de-« 
nied  the  exigence  of  a  putrid  caufe,  others  have  been  ^o 
convinced  of  it's  prefence  as  to  defcribe  even  it's  pecu- 
liar fmell.  Thofe  who  have  had  infectious  air  frefh  in 
their  noftrils  affirm,  it  is  eafily  diftinguiined  from  all 
other  known  odours;  but  the  different  accounts  they  give 
of  itmay  afford  fome  reafontofufpedtthem  of  errour.  Some 
call  it  an  earthy  fmell,  very  difagreeable,  that  it  in  fome 
meafure  affects  the  organ  of  tafte,  even  extending  into 
the  flomach ;  others  have  compared  it  to  the  vapours 
iffuing  from  a  newly  opened  grave,  but  without  the  cada- 
verous flench;  others  think  it  refembles  the  effluvia  of 
rotten  ft  raw ;  and  others  again  are  of  opinion  it  is  like 
the  exhalations  from  the  confluent  fmallpox  at  the  turn 
,  of  the  puftules.  The  gravediggers  mentioned  by  Four- 
croy  fpoke  of  the  odour  from  the  burfting  of  the  lower 
belly,  in  a  ftate  of  great  putridity,  to  be  a  horrible  flench  j 
and  whenever  they  are  expofed  by  an  unfortunate  chance 
to  bodies  in  the  earth,  in  this  dangerous  ftate,  fo  great  is 
it's  poifonous  activity,  that  if  near,  they  are  immediately 
ftruck  with  afphixy ;  if  at  fome  diftance,  it  only  gives 
them  a  flight  vertigo,  a  difagreeable  fenfation  of  fainting, 
or  of  naufea,  which  continues  feveral  hours,  followed  by 
lofs  of  appetite,  weaknefs,  and  tremours ;  hence  arife 
thofe  difeafes  which  people  are  fubject  to  who  live  in  the 
neighbourhood  of  large  cemeteries,  a  great  number  of 
whom  have  their  countenances  pale  and  wan,  with  other 
fymptoms  announcing  the  action  of  a  flow  poifon.  From 
the  circumftances,  however,  in  which  this  poifon  is  ex- 
tricated,  it  is  perhaps,  never  admitted  to  the  organ  of 
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fmell  in  it*s  pure  form,  but  generally  accompanied  by 
fome  other  gafeous  and  difagreeable  emanation,  that  may 
have  given  rife  to  the  different  opinions  of  it's  odour. 

With  refpecf.  to  the  manner  in  which  contagion  is  com- 
municated, Dr.  Carmichael  Smith  is  of  opinion,  that  it 
is  not  only  from  a  direct  communication  with  the  lick 
that  contagious  fevers  are  propagated,  but  that  unfortu- 
nately the  perfons  and  clothes  of  thofe  who  remain  long 
in  a  contagious  atmofphere,  and  the  excretions  of  the 
fick,  are  capable  (even  when  conveyed  to  a  great  di  fiance, 
or  preferved  for  a  length  of  time)  of  producing  the  fame 
mifchief  as  an  immediate  communication  with  the  fick 
themfelves,  and  that  the  jail  diftemper  and  putrid  conta- 
gion are  thus  frequently  conveyed  cannot,  he  thinks,  be 
denied.  Indeed,  wherever  a  vapour  can  be  diftinguifiied 
by  the  fmell,  we  have  the  demonftration  of  our  fenfes, 
for  what  a  length  of  time,  not  only  clothes  but  furniture, 
and  even  the  boards  and  walls  of  houfes  will  retain  it ; 
therefore,  in  refpect  to  the  jail  or  hofpital  fever,  it  may  be 
fafely  affirmed,  that  it  not  only  attacks  thofe  immediately 
expofed  to  the  original  atmofphere,  but  that  this  conta- 
gion may  be  certainly  communicated  by  the  clothes  of 
thofe  that  have  been  any  length  of  time  confined  in  it  \ 
and  what  is  more  furprifing,  even  when  the  perfons  them- 
felves are  not  affected.  Indeed,  the  dread  of  thefe  terri- 
ble difeafes  may  have  probably  magnified  the  danger  be- 
yond reality,  and  the  rifk  of  propagating  the  contagion 
may  not  be  fo  great  as  is  fuppofed  ;  phyficians,  and  even 
apothecaries  not  being  fo  long  expofed  to  this  atmofphere 
as  to  be  in  great  danger  of  conveying  the  contagion  elfe- 
where,  yet  the  perfons,  and  efpecially  the  clothes  of 
nurfes  and  affiftants,  who  are  conftantly  confined  amongft 
the  fick,  are  certainly  capable,  according  to  Dr.  Smyth, 
of  communicating  the  difeafe;  but  he  adds,  that  howe- 
ver paradoxical  it  may  appear,  he  never  obferved  that  the 

vol.  in.  t 
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Tick  propagated  the  difeafe  fo  readily  as  the  bodies  and 
clothes  of  thofe,  who,  though  well,  had  been  long  con- 
fined in  the  original  atmofphere.  He  is  of  opinion,  that 
unlefs  where  contagion  is  very  powerful,  it  is  feldom  pro- 
pagated in  the  open  air,  and  he  knew  only  of  one  inftance 
of  this,  at  the  prifon  of  Winchefter.  lie  thinks  there 
is  but  little  rifk  of  receiving  contagion  from  the  diffection 
of  dead  bodies,  unlefs  when  the  operator  happens  to  cut 
himfelf. 

The  perfons  rood  fufccptible  of  this  contagion,  Dr. 
Smyth  afTerts,  are  young  perfons,  particularly  if  they 
come  directly  from  a  pure  air  into  the  infected  atmofphere, 
thofe  whofe  minds  are  opprefled  with  fear  or  anxiety,  or 
who  have  been  weakened  by  previous  illnefs ;  even  thofe 
•  who  have  been  fatigued,  or  are  fafting,  receive  it  more 
readilv  than  others  whofe  ftrength  has  not  been  impaired, 
or  which  has  been  again  recruited  with  food.  A  moid 
atmofphere  is  alio  more  favourable  to  the  communication 
of  contagion  than  a  dry  one,  and  a  contagious  pcrfon  be- 
comes greatly  more  fo,  if  his  clothes  are  wet,  and  his 
body  heated  by  exercife  fo  as  to  be  in  a  Mate  of  perfpi- 
ration.  It  has  likewife  been  remarked,  that  perfons  who 
have  ilfues  are  feldom  affected  by  contagion. 

Putrid  matter,  in  whatever  way  generated,  if  in  fuffici- 
ent  quantity,  has  always  fome  deleterious  effect  acting  as 
a  poifon  upon  the  body ;  and  this  effect  takes  place  whe- 
ther the  putrid  matter  be  generated  in  the  body,  taken 
into  the  ftomach,  or  into  the  blood  by  means  of  a  wound. 
It  is  true,  the  human  ftomach,  and  (till  more  remarkably, 
the  organs  of  digeftion  of  certain  animals,  have  the 
power  of  counteracting  the  feptic  tendency;  but  this 
power,  at  lead  in  the  human  ftomach,  is  very  limited, 
and  when  any  matter,  whether  generated  in  the  body  or 
introduced  from  without,  has  acquired  a  degree  of  pu- 
tridity beyond  this,  it  occafions  naufca,  vomiting,  purg- 
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in£,  great  oppreflion  at  the  region  >of  the  ftomach,  and 
often  a  feVer,  either  of  the  intermittent,  remittent,  or 
more  continued  kind.  Putrid  matter  directly  introduced 
into  the  fyftem  by  means  of  a  wound  caufes  fwelling, 
and  inflammation  of  the  lymphatic  glands,  often  termi- 
nating fuddenly  in  gangrene,  along  with  the  fymptoms  of 
a  fever,  greatly  refembling  the  hofpital  or  jail  fever;  the 
fame  proftration  of  ftrength,  tremors,  anxiety,  headachy 
and  delirium,  and  all  the  fymptoms  of  a  bad  putrid  fever, 
as  petechias,  hemorrhage,  indicating  a  certain  decompo- 
fition  of  the  blood.  The  fevers  that  arife  from  expofure 
to  putrid  vapour  or  contagion  afiume  a  variety  of  types 
and  forms,  according  to  the  degree  of  putridity,  feafon 
of  the  year,  conftitution  of  the  patient,  8cc. ;  but  they  as 
well  as  the  preceding  will  be  found  to  have  many  fymp- 
toms in  common,  and  iimilar  to  the  jail  and  hofpital 
fever;  and  in  reality,  all  the  fevers  of  this  clafs,  from 
the  flighted  vernal  intermittent  to  the  true  plague,  are,  as 
Dr.  Smyth  obferves,  only  different  (hades  or  varieties  of 
the  fame  difeafe,  and  productions  of  one  common  caufe, 
viz.  putrefaction. 

What  that  fubtile  or  powerful  vapour,  or  whatever  elfe 
it  may  be,  is  that  arifes  during  the  putrefactive  procefs, 
and  acts  in  the  form  of  fuch  a  powerful  poifon,  is  un- 
known. Various,  however,  have  been  the  opinions  on 
the  caufe  of  peflilential  fevers. 

On  extending  our  inveftigation  towards  antiquity  re-  Ancient 
fpeaing  the  origin  of  peflilential  difeafes,  we  {hall,  find  JJJjJSfjJ 
that  fu perflation   was  the  firfl  to  account  for  them,  by  i**ta»«*. 
afcribing  peftilence  to  the  immediate   exercife  of  Divine 
Power.     It  was  fuppofed  that  it  was  one  of  the  judg- 
ments that  God  inflicted  on  mankind  in  his  wrath,  to  Scripture. 
punifh  them  for  their  iniquities ;  thus  when  Darner  was 
fummoned  to  receive  his  punifhment  for  numbering  the 
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children  of  Ifrael,  having  been  permitted  to  make  choice 
of  the  three  greatefl  calamities,  he  preferred,  for  a  pious 
reafon,  peftilence  to  either  famine  or  the  fword ;  and 
70000  of  his  fubjects  perifhed.  "  I  will  fmite  the  in- 
habitants of  this  city  both  man  and  bead,  they  (hall  die 
with  great  peftilence."  2  Sam.  24.  Jererh.  ch.  21. 
Homer.  In  perhaps  the  oldeft  hiftorical   account  of  mankind, 

after  the  Bible,  we  are  informed  by  Homer,  that  a  plague 
raged  during  the  fiege  of  Troy,  and  peftilence  is  afcribed 
by  the  poet  to  extreme  heat  under  the  influence  of  the 
dog-ftar,  and  alfo  to  vapours. 

ec  As  vapours  blown  by  Aufter's  fitltry  breath, 

"  Pregnant  with  plagues,  and  {bedding  feeds  of  death, 

"  Beneath  the  rage  of  burning  Syrius  rife." 

Pope's  Horn.  II.  b.  5.   1058. 
Hippo-  Hippocrates  attributes  peflilcntial  difeafes  to  putrid  air, 

erales  which  infeas  all  animals  that  breathe  in  it.     "  Firft," 

fays  he,  (C  I  will  begin  with  the  mod  common  febrile 
difeafe,  which  in  fome  meafure  accompanies  all  difeafes; 
for  there  are  two  forts  of  fevers,  one  that  is  promifcuous, 
and  common  to  all,  called  the  plague;  the  other,  by  rea- 
fon  of  unhealthy  diet,  is  peculiar  only  to  fuch  as  ufe  that 
diet;  but  of  both  thefe  kinds  of  fevers  the  air  is  the  file 
author  a>J  caufe;  the  common  fever  or  plague  therefore 
happens  to  all,  becaufe  all  breathe  the  fame  air;  and  it  is 
certain,  that  the  fame  air  being  mingled  in  fimilar  bodies 
mud  beget  the  like  fevers."  On  demanding  why  in- 
fectious diftempers  feize  not  all  animals  alike,  he  anfwers, 
that  when  the  air  is  filled  with  fuch  filth  and  pollutions 
as  are  noxious  to  human  nature,  men  only  fall  flek,  but 
when  it  is  hurtful  to  any  of  the  other  fpecies  of  animals 
the  difeafe  feizes  that  fpecies  only.  Hippocrates,  how- 
ever, feems  to  have  been  aware  that  there  was  fomething 
elfc  necefiary,   for  he  fpeaks  of  to  0ho»  or  fome  divine 
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principle  in  the  air,  which  has  been  fuppofed  to  mean  an 
epidemic  conftitution,  arifing  from  changes  in  the  atmo- 
fphere  produced  by  unknown  caufes. 

According  to  the  obfervations  of  Ariftotle,  peftilence  Ariftotle. 
may  owe  it's  caufe  to  a  hot  and  dry  fouth  wind. 

Galen,  who  lived  at  Rome  in  the  reign  of  Marcus  An-  Galen, 
toninus,  whilft  a  raging  plague  was  defolating  that  city, 
is  of  opinion,  that  Hippocrates  was  miflaken  in  afcribing 
the  caufe  of  epidemic  difeafes  to  the  air  only,  and  obferves, 
that  peftilential  fevers  fometimes  proceed  from  a  great 
abundance  of  humours,  whenever  thefe  have  acquired 
from  the  ambient  air  the  lead  tendency  to  corruption. 
He  attributes  alfo  thefe  difeafes  not  only  to  the  air,  but  to 
unvvholefome  food  and  vitiated  waters. 

Ammianus  Marcellinus  mentions  a  plague  in  the  city  Marcelli- 
of  Amida,  in  Perfia,  when  befieged  by  Sapor,  about  the 
middle  of  the  fourth  century ;  it  arofe  from  the  corrup- 
tion of  numerous  dead  bodies  which  lay  unburied  in  the 
ftreets.  He  then  proceeds  to  give  the  opinions  of  others 
on  the  fubjec"t,  as  follows:  "  Philofophers  and  eminent 
phyficians  have  taught,  that  peftilence  is  produced  by  ex- 
cefs  of  heat"  or  cold,  of  drought  or  moifture.  *Hence 
thofe  that  live  near  wet  and  marfhy  places  are  fubjecl:  to 
coughs,  difeafes  of  the  eyes,  &c.  Thofe,  on  the  other 
hand,  that  refide  where  the  heat  is  great,  are  troubled 
with  febrile  complaints,  and  in  proportion  as  the  matter 
of  fire  is  more  active,  drought  is  more  rapid  in  deftroy- 
ing  life.  Others  are  of  opinion,  that  air,  like  water,  vi- 
tiated by  the  effluvia  of  dead  bodies,  or  fimilar  fubftances, 
is  deprived  of  it's  falubrity,  or  at  leaft,  that  a  fudden 
change  of  air  will  produce  the  more  flight  complaints. 
Some  alfo  affirm,  that  the  air,  rendered  grofs  by  a  denfer 
vapour  from  the  earth,  doling  the  pores  of  the  body,  and 
checking  perfpiration,  becomes  fatal  to  the  lives  of  others, 
for  which  reafon  thofe  animals  which  are  continually 
T3 


*73  PUTREFACTION. 

bending  towards  the  earth  are  the  flrft  victims  to  pefti- 

lence,  as  Homer  teftifies,  and  which  is  proved  by  many 

examples  during  the  prevalence  of  peftilential  difeafes.** 

yEtius.  About  the  clofe  of  thefifth  century,  yEtius,  who  wasan 

eminent  phyfician,  has  compiled  the  opinions  of  his  pre- 

deceffors  on  epidemic  difeafes.     "  Thofe  are  called  fo," 

fays  he,  "  which  originate  from  a  common  caufe,  as  bad 

food,  or  water,  immoderate  grief,  or  want  of  cuflomary 

exercife,  hunger,  or  repletion,  efpecially  when  abundance, 

fucceeds  extreme  want.     But  the  nature  of  the  country 

often   caufes  epidemic  difeafes  ;  the  air  we  breathe  being 

vitiated  by  the  evaporation  from  putrid  fubftances,  fuch 

as  multitudes  of  dead   bodies  after  battles,   marines  or 

ftagnant  water  in   the   vicinity,  which  emit  poifonous 

and  fetid  vapours.  This  caufe  is  in  continual  operation." 

profper  Al-      The  Greeks  called  thofe  difeafes  that  operated  univer- 
Pinus.  .     '  . 

fally  nriJi»/wxo»,  and  if  at  the  fame  time  they  were  very  de- 

ftru&ive,  they  had  the  name  of  a  plague,  by  the  Greeks, 
*oi^o?,  by  the  Latins,  peftis,  a  pafcendo  or  peftilentia,  ac- 
cording to  Ifidorus,  quail  paftulentia,  quod  veluti  incen- 
dium  depafcit,  becaufe  it  confumes  and  devours  like  a 
burning  flame  But  fince,  although  at  what  time  is  diffi- 
cult to  fay,  a  difference  has  taken  place  between  pefth  and 
peftilentia.  It  is,  however,  found  in  the  works  of  Prof- 
per  Alpinus,  a  Venetian  phyfician,  who  wrote  about  the 
ciofe  of  the  16th  century.  This  author  maintains,  that 
peflilent  fevers  are  occasioned  by  local  caufes,  as  vitiated 
air,  and  by  peculiarities  of  feafon,  as  extreme  heat  and 
humidity ;  but  he  aflcrts,  that  the  plague  in  Egypt  rarely 
proceeds  from  corrupted  air,  and  never  except  after  an 
unufual  flowing  of  the  Nile,  and  concludes,  it  is  ufually 
imported, 
piemer-  An  eminent  Dutch  phyfieian  of  the'laft  century, 
Diemerbroeck,  affigns  three  caufes  of  the  peftis  or  true 
plague.     1.  The  juft  anger  of  Heaven,  provoked  by  ex- 
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halations  from  the  finks  of  our  fins  and  abominable  deeds. 
2.  A  moft  malignant,  poifonous  and  deadly  peftilent 
germe,  like  a  fubtle  ferment  or  leaven,  fent  from  Heaven 
in  a  very  fin  all  quantity,  diflfufing  itfelf  through  the  air 
like  a  fubtle  gas,  and  rendering  it  impure,.  This  gas,  he 
fuppofes,  fpreads  over  many  regions,  and  imprefles,  by 
if  s  numerous  particles  on  the  air,  an  infection  like  poi- 
fon,  which  affecls  people. 

He  maintains  the  diftinction  mentioned  by  the  lad 
author,  and  fuppofes,  that  peftilentia  is  produced  by 
exhalations  and  intemperate  feafons ;  whilft  the  plague, 
he  contends,  cannot  be  occafioned  by  thofe  caufes, 
though  they  may  affift  the  germe  or  general  caufe. 

According  to  Van  Helmont,  a  Flemifh  writer  of  the  van  Hel, 
laft  century," the  plague  cannot  be  afcribed  to  the  unfea-  mont* 
fonable  changes  of  times,  nor  to  putrefaction  ;  but  that 
it's  poifon  is  a  fecret,  that  the  matter  of  that  difeafe  is  a 
wild  fpirit  tinged  with  poifon,  exhaling  from  a  difeafed 
perfon,  or  drawn  inwards  from  a  gas  of  the  earth,  putre- 
fied by  continuance,  and  receiving  internally  an  appro- 
priate ferment,  and  by  degrees  attaining  a  peftilential 
poifon  in  us.  The  remote,  crude,  and  firft  oceafiona! 
matter  of  the  peftilence,  is  an  air  putrefied  through  con- 
tinuance, or  rather  a  heavy  putrefied  gas,  which  putre- 
faction of  the  air  hath  not  the  8200th  part  of  it's  feminal 
body.  Wtjen  we  compare  this  unintelligible  explanation 
of  this  alchemift  with  the  ancient  method  of  afcribing 
the  caufe  of  peftilential  difeafes  to  the  extravagant  fyftem  , 
of  judicial  aftrology,  the  latter  is  by  far  the  moft  fatis- 
fa&ory ;  both  of  them  perhaps  equally  unphilofophical. 
The  author,  however,  contends  againft  a  rnpre  ancient 
fuperftition,  that  the  plague  is  not  fent  down  from  Hea- 
ven, but  that  popular  plagues  draw  their  firft  occafional 
matter  from  an  earthquake,  ?«d  from  the  confequences  pf 
camps  and  fieges, 
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Hodges.  Hodges,  who  wrote  a  treati  eon  the  great  plague  in  Lon- 

don in  1 665,  obferves,  that  the  air  differs  fome  effential 
alteration  which  isneceffary  to  favour  the  propagation  of 
peftilence.  The  nitro-aerial  principle,  which  caufes  or 
invigorates  animal  and  vegetable  life,  fometimes  becomes 
imperfect,  degenerate  or  corrupt,  being  tainted  with 
fomething  pernicious  to  vitality.  He  calls  it  poifonous, 
and  obierves  that  it  proves  injurious  to  trees  and  cattle, 
as  well  as  to  man.  He  fuppofes  the  corrupting  principle 
to  be  a  fubtle  aura,  or  vapour,  extricated  from  the  bowels 
of  the  earth. 

Van  Swic-  According  to  Van  Swieten,  the  caufe  of  epidemics 
is  in  the  hidden  qualities  of  the  air,  and  is  inexpli- 
cable. 

Sydenham.  Sydenham  agrees  with  Diemerbroeek,  and  Van  Swie- 
ten, in  afcribing  peftilence  to  occult  qualities  in  the  air. 
Of  the  fame  opinion  is  Fernelius,  Sennat,  and  Sten- 
kins. 

Mead.  Mead  afcribes  the  plague  to  the  putrefaction  of  animal 

fubftances  and  unfeafonable  moiftures,  heats,  and  want 
of  winds ;  and  affirms,  that  no  kind  of  putrefaction  in 
European  countries  is  ever  heightened  to  a  degree  capa- 
ble of  producing  the  true  plague.  He  is  furprifed  that 
authors  mould  have  recourfe  for  an  explanation  of  the 
caufes  to  hidden  qualities,  fuch  a§  malignant  influences 
of  the  heavens,  arfenical,  bituminous,  or  other  mineral 
effluvia,  with  the  like  imaginary  or  uncertain  agents. 
He  affigns  three  caufes.  1.  Difeafed  perfons.  2.  Goods 
tranfported  from  infected  places.  3,  A  corrupted  (late 
of  air.  He  does  not,  however,  deny  all  latent  diforders 
in  the  air,  but  confiders  them  as  fecondary  caufes  only, 
increafing  and  promoting  the  difeafe  when  once  bred, 
and  thinks  infection  to  be  the  means  of  it's  propaga^ 
tion.  In  this  he  differs  greatly  from  Diemerbroeck, 
y\\o  utterly  denies  that  the  difeafe  Is  originally  derived 
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from  infection,  although  he  agrees  that  it  may  be  after- 
wards communicated  from  perfon  to  perfon  by  contact, 
or  near  approach.  Diemerbroeck  alfo  maintains  the 
latent  qualities  of  the  air  to  be  the  principal  caufe  of 
the  plague,  or  caufe,  fine  qua  non.  Mead  fays,  the 
plagueis  never  originally  bred  with  us,  but  alwaysbrought 
accidentally  from  abroad. 

Mackenzie,  who  gave  an  account  of  the  plague  in  Macken- 
Conftantinople,  fnppofes  the  difeafe  to  proceed  from 
venomous  moleoulae,  lodged  in  wool,  cotton,  hair, 
leather,  and  (kins,  in  houfes  not  well  cleanfed  after 
peftilence.  He  thinks  the  air  no  othervvife  concerned 
in  producing  the  difeafe,  than  as  a  vehicle  to  convey 
the  venomous  particles  from  one  body  to  another. 

The  idea  of  Dr.  Chandler  greatly  refembles-  that  of  Chandler! 
Dr.  Mackenzie,  with  refpect  to  the  origin  of  plague. 
He  fays  it  might  be  perhaps  truly  defined,  a  difeafe 
arifing  frohi  certain  animalculse,  probably  invifible, 
which  burrow  and  form  their  nidus  in  the  human  body. 
They  always  fubfift  in  places  fuited  to  their  nature.  The 
fpecies  imported  from  Smyrna  are  commonly  deft  roved 
by  intenfe  heat.  The  pores  of  the  fkin  opened  by  the 
weather,  readily  admit  them. 

Gibbon  the  hiftorian  atferts,  that  the  plague  arifes  from  Gibbon, 
hot,  damp,  ftagnant  air. 

The  Abbe  Fourmont,  that  it  originates  from  famine.     Fourmont. 

Dr.  Mitchill,  that  the  gafeous  oxyd  of  azot  or  nitro-  Dr.  Mitch- 
gen  is  the  matter  of  contagion  ;  this  is  the  dephlogifti-  lllm 
cated  nitrous  air,  difcovered  by  Prieftley,  it  fupports  flame 
and  extinguifhes  life. 

It  might  have  been  expected  that  in  defcending  to 
modern  times,  a  morje  fatisfactory  account  of  the  poifon- 
ous  matter,  whofe  action  has  been  fo  very  inimical  to 
the  human  fpecies,  would  have  been  given  by  phyfici- 
&ns,  but  it  appears^  that  no  method  has  yet  been  found 
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out  to  render  this  invifible  agent  pervious  to  the  fenfes, 
and  that  every  thing  refpe&ing  it  hitherto  has  been 
either  fable  or  conjecture.  If,  however,  this  terrible 
enemy  has  efcaped  the  invefligation  of  the  philofopher, 
means  have  been  employed  to  render  the  poifon  ineffec- 
tual, and  to  difcover  by  chemical  reagents  what  are  the 
molt  effectual  fubftances  to  counteract  it's  effects,  either 
by  decompofition,  or  chemical  union. 

Hippocrates,  we  are  informed,  in  order  to  deftroy 
the  peftilential  particles  of  the  air,  made  ufe  of  fcentcd 
wood,  which  he  caufed  to  be  burned  in  piles  placed  at 
the  corners  of  the  ftreets,  but  the  remedy  appears  to  have 
been  equally  as  inefficacious  as  the  fmoking  of  tobacco, 
the  thieves  vinegar,  with  the  reft  of  the  numerous 
noftrums  and  amulets  that  have  fucceeded  each  other  at 
different  times.  It  is  readily  conceived  why  fumigations, 
and  fubftances  yielding  flrong  odours,  were  firft  employed 
for  this  purpofe.  The  plague,  and  other  difeafes,  at- 
tended with  great  mortality  in  ancient  times,  being  con- 
fidered  by  the  fuperftitious  world,  as  judgments  fent  by 
the  hand  of  divine  vengeance,  to  fcourge  the  human 
race  for  their  fins,  as  before  obferved,  facrifices  and  ex- 
piations were  made  to  the  gods,  to  deprecate  their  wrath, 
and  atone  for  the  guilt  of  mankind.  Sweet  fmelling 
herbs  and  flowers,  and  aromatic  gums,  as  myrrh  and 
frankincenfe,  were  therefore  burnt  during  thefe  cere- 
monies ;  and  as  the  whole  were  of  an  agreeable  odour, 
and  overpowered  the  offenfive  effluvia  of  difeafed  or  cor- 
rupted bodies,  it  was  natural  for  thefe  ignorant  people 
to  believe,  that  fuch  fumes,  by  deftroying  the  fmell, 
deftroyed  likewife  the  polluted  efBuvia.  Another  cir- 
cumftance  obferved  by  Dr.  Trotter  might  have  given 
rife  to  fimilar  means.  It  was  believed  that  the  peftilen- 
tial  difeafes  were  the  offspring  of  putrid  and  of  putrefying 
animal  and  vegetable  fubftances,   and  thefe  fubftances 
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they  faw  became  the  nidus  and  the  nourifliroent  of  nu- 
merous young  infe&s ;  whence  they  concluded,  that 
their  generation  was  fpontaneous.  To  deftroy  thefe  ani- 
malculas,  which  in  hot  countries  increafe  in  fuch 
numbers,  and  which  now  on  the  wing  they  con- 
fidered  as  polluting  the  atmofphere,  brimftone  and 
fire  would  foon  be  reforted  to,  as  it  was  known,  that 
no  animal  could  approach  their  conflagration,  fo  that 
every  article  that  yielded  either  agreeable  odours  or 
pungent  vapours  was  employed ;  hence  the  hyflbp  of  the 
wall}  the  cedar  of  Lebanon,  the  camphire  of  Engedi, 
fpices  and  the  pitch  of  Norway,  and  the  tobacco  of  Vir- 
ginia, fwell  the  antipeftilential  catalogue ;  and  the  fumi- 
gating fubftances  have  been  handed  down  from  the 
Jews,  the  Greeks,  and  the  Romans,  through  the  Arabian 
phyficians  and  the  dark  ages  of  Europe  to  the  moderns, 
and  have  maintained  their  reputation  and  character, 
amidlt  all  the  viciffitudes  of  human  opinions,  and  the 
fleeting  duration  of  medical  theories.  Nobody,  till  late- 
ly, has  questioned  a  practice  fanctioned  by  the  authority  of 
antiquity,  and  the  univerfal  fuffrage  of  modern  phyfi- 
cians, until  the  beautiful  difcoverics  of  pneumatic  che- 
miftry,  which  explained  the  nature  and  compofition  of 
elaftic  fluids,  invited  the  chemical  philofopher  to  apply 
his  new  acquired  knowledge  to  the  detection  of  thecaufes 
of  peftilential  difeafrs,  and  to  fjnd  out  the  beft  and  moil 
fuitable  prophylactics  againft  them. 

Until  a  knowledge  of  the  different  airs  that  compofe  chemical 
our  atmofphere,  and  the  various   gafes   that  arife  from  deftmWnf 
fpontaneous  or  artificial  decompofition,   began  to  prepare  miafmata. 
the  chemift  for  future  in veftigation,  little  could  be  ex- 
pected  from  any  other  branch   of  philofophy,  but,  no 
fooner  did  the  experiments  of  Black,  Cavendifh,  Prieft- 
ley,  Lavoiiier,  and  Berthollet,  afford  a  light  into  the  un- 
explored regions  of  the  aerial  world,  than  a  new  oporfcu- 
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nity  prefented  itfclf  of  inquiring  into  the  nature  and 
properties  of  thofe  effluvia,  that  arofe  from  the  putrefac- 
tion of  animal  and  vegetable  fubftances,  and  which  have 
in  all  ages  been  more  or  lefs  looked  upon  as  the  origin  of 
peftilential  difeafes. 
Morveau.  Amongft  thofe  who  made  the  firft  attempts  to  render 
the  poifonous  vapour  of  peitilence  ineffectual  by  chemical 
decompofnion,  Morveau,  a  chemift  of  Dijon,  is  perhaps 
the  bed  deferving  of  being  recorded.  He  appears  to 
have  confidercd  this  matter  as  compofed  of  volatile  alcali, 
and  an  acrid  animal  oil  in  a  gafeous,  or  aeriform  ftate  ; 
and  he  informs  us,  that  in  May,  1773,  the  cathedral 
church  of  Dijon  was  found  to  be  fo  very  infectious  and 
noifome,  from  the  numerous  inhumations,  as  to  be  no 
longer  fafe  to  frequent,  whilft  various  fubftances  had 
been  employed  to  deftroy  it's  cadaverous  fmell,  fuch  as 
large  quantities  of  aromatics,  vinegar,  nitre,  but  without 
any  effect,  and  under  thefe  circumftances  this  chemift 
was  applied  to. 

It  is  a  well  known  property  of  the  muriatic  acid,  to 
take  a  gafeous  form  as  foon  as  it  is  difengaged  from  it's 
combinations,  but  without  lofing  it's  acid  character,  or 
having  it's  energy  diminifhed,  and  this  was  found  to  be 
of  great  ufe  in  purifying  anddeftroying  the  infection  of  a 
mafs  of  air,  when  loaded  with  putrid  vapours.  The 
method  the  commiifaries  of  the  Royal  Academy  at  Paris 
had  employed,  in  their  report  on  the  prifons  of  that  city, 
was  to  add  vitriolic  acid  to  common  fait,  which  difen- 
gages  the  muriatic  acid  in  the  form  of  white  vapours, 
that  immediately  expand  throughout  the  whole  room 
or  place  where  the  procefs  is  made  ;  and  this  has  been 
found,  to  ufe  the  expreflion  of  thefe  commifTaries,  to 
neutralize  the  putrid  miafmata,  and  they  recommend,  as 
foon  as  the  vapours  are  patted  away,  the  doors  and  win- 
dows to  be  left  open  for  two  or  three  days,  fo  that  tho 
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flight  odour  of  the  marine  acid  remaining  may  be  dif- 
fipated,  after  which  they  found  not  the  lead  danger  of 
immediate  habitation. 

Morveau,  with  this  previous  knowledge  of  the  good  ef- 
fects of  this   acid,  applied  it   to   the  prefent  inftance  of 
the  cathedral.     He  fuppofed,    that  the  acrid  animal   oil 
of  the  putrid  effluvia,  and  which  particularly  affected  the 
organ  of  fmell,  was  fupported  in  it's  gafeous  form  by  the 
volatile  alcali,  and   that  if   a   decompofition   could   be 
effected,  the  heavy  fetid  oil  would  fall  down  and  be  ren- 
dered inert.     The  vitriolic  acid,  formed  by  the  combuf- 
tion  of  fulphur,   he   knew  would  to  a   certain  point  ac- 
complifli  this  object;  but  as  it  rifes  very  little,  and  after 
feizing  upon  the  humid  vapour,  which  it  does  with  great 
avidity,  lofes  it's  heat  and  falls  down  again,  it  was  incom- 
petent to  the  talk.     He   therefore  placed  a  glafs  veffel 
prepared  for  the  purpofe   in  the  middle  of  the  church, 
put  into  it.  6lb.  of  common  fait   fomewhat   moiftened, 
and  poured  2lb.  of  common  vitriolic  acid  upon  it,  and 
immediately   retired.       Pie   informs   us,    that     he  was 
fcarcely  got  four  paces,  before  a  column  of  vapours  of  the 
muriatic  acid  had  reached  the  ceiling  of  the  church,  and 
two  hours  afterwards,  it  was  perceived  through  the  key- 
hole of  the  moft  diftant  door.     In  about  twelve  hours  all 
the  doors  were  opened  for  the  air  to  be  cleanfed  of  any 
remaining  acid,  but  there  was  no  longer  any  trace  of  pu- 
trid odour  to  be  perceived. 

The  following  year,  another  proof  of  the  fuccefs  of  the 
fame  method  was  made  in  the  prifons  of  Dijon.  We 
are  told,  that  31  prifoners  had  died  of  the  peftilential 
difeafe,  called  the  jail  fever,  in  lefs  than  three  months, 
and  means  had  been  in  vain  attempted  to  deftroy  the  ca- 
daverous odour,  by  burning  ftraw  in  the  prifon,  but  in 
twelve  hours  after  the  operation  of  the 'muriatic  acid,  the 
fetid  odour  was  entirely  deftroyed,  the  danger  of  in- 
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habiting  it  no  longer  exifted,   and  from  that  moment, 
the  epidemic  fever  entirely  ceafed. 

Others  who  have  been  employed  in  purifying  infec- 
tious places,  in  confequencc  of  epidemic  difcafes,  re- 
commend the  fame  procefs,  and  advife  it  to  be  ufed  as  a 
precaution  every  year  to  preferve  in  particular  the  falu- 
brityof  prifons,  and  deprive  them  of  infection. 

Another  form  in  which  this  acid  has  been  employed, 
Fourcroy.    is  in  it's  dephlogifticated  ftate.     According  to  Fourcroy, 
whatever  care  is  taken  to  keep  anatomical  theatres  clean 
and  inoffenfive,  either  by  fprinkling  with  vinegar,   or  by- 
fumigations,  it  is  found  very  incapable  of  preventing  the 
dangerous  effects  arifing  from  a  large  mafs  of  matter,  in 
a  ftate  of  putrefaction;  this  enemy  is  the  more  terrible 
to  anatomifts,   whofe  occupation  is  to  refide  within  the 
reach  of  it's  action,  and  the  frequency  of  accidents  from 
this  fource  every  year  is  well  known.     To  oppofe,  there- 
fore,   an  impenetrable  barrier  to  this  deftructive  agent, 
to   prevent  it's  difaftrous    effects   on  thofe   occupied  in 
anatomical  purfuits,  and  to  deflroy  the  germe  of  putrid 
and  frequently  fatal  difeafes,   which  thefe  miafmata  oc- 
cafion,  this  chemift  recommends  the  oxygenated  muri- 
atic acid,  which  he   found  to  be  the  bed  ftiield  againft 
the  poifon  of  all   animal  putrefaction.     He  was  led  to 
it's  ufe,  from  the  effects  it  was  found  to  have  on  odours 
of  all    kinds.     Aromatics,    the  acid   antifcorbutic,    the 
poifonous    narcotic,    hepatic    and   fulphurcous   odours, 
were  all  deftroyed  by  this  vapour,  and  as  it  acts  imme- 
diately on  the  odorous  principle,   alters  it's  nature,  and 
changes  rapidly  the    order  of   it's  compofition,  it  was 
fuppofed,  that  it  was  likewife  capable  of  oppofing  thefe 
dangers  arifing  from   the  miafma  of  putrifying  bodies, 
and  this  chemift  informs  us,   experience  confirmed  the 
fuppofition. 
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Another  acid  which  was   firft  employed  by  Dr.  Car-  Dr.  Car- 
michael  Smyth,  to  deftroy  the  contagion  of  the  hofpital  Smyth, 
fever,  or  jail  diftemper,  is  the  nitrous  acid.     The  caufe 
of  this  fever  he  attributes  to  putridity.     As  a  proof  of 
this,  he  obferves,  that  this  difeafe  is  conftantly  produced 
where  a  number  of  people   are  (hut  up  together  in  a 
clofe  place,  without  the  greateft  attention  to  cleanlinefs 
and  renewal  of  the  air.     Now  it  is  well  known,    that 
all  the  excretions  of  the  human  body  have  already  made 
a  certain  advance  or  progrefs  towards  putridity,  and  that 
when  placed  in  certain  circumftances  favourable  to  putre- 
faction, they  foon  become  highly  putrid;  amongftthefe,  he 
thinks  none  is  more  highly  annualized  or  more  fufceptible  of 
becoming  putrid  than  the  perfpiration  or  vapour  iffiiing 
from  thefurface  of  the  body  and  lungs;  hence  the  animal 
perfpiration  may  generate  contagion,  which  contagion  is 
found  to  (how  it's  baneful  effects  more  quickly  and  for- 
cibly in   proportion    to    it's   quantity,    and   it's   being 
placed  in  circumftances  the  moll  favourable  to  putrefac- 
tion ;   confequently,  in  proportion  to  the  lize  and  clofe- 
nefs  of  the  place,  the  temperature  and  moifture  of  the 
air,  and  the  additional  or  acceflory  putrid  matters  with 
which  it  is  combined;   whilft  on  the  contrary,  the  for- 
mation of  this  contagion  is  prevented  by  all  thofe  means 
that   renew  the  air,  and 'carry  off  the  perfpiration,   or 
prevent  it's  tendency  to  putrefaction.     In  order  to  deftroy 
the   fceptic   nature   of    this  jail   or   hofpital   contagion, 
which   he  looks  upon   as  one   of  the  moft  fubtile  and 
powerful  vapours  of  the  putrid  kind,  from  it's  immediate 
and  deftructive  effects  on  the  human  body,  feveral  ways 
were  employed.     At  firft,   when  Dr.   Carmichael  was 
requeued  to  undertake  the  cure  of   this  difeafe,  which 
was  raging  with  great  violence  during  the  fpring  and 
fummer  of  1780,  amongft  the  Spanifh  prifoners,  confined 
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in  the  King's  houfe  at  Whichever,  he  found  great  be* 
nefit  from  cleaning  the  parts  of  the  prifon  affected  by 
the  contagious  matter,  warning  the  hammock  pofts  with 
diluted  muriatic  acid,  and  throwing  it  by  machines  to 
the  upper  part  of  the  pofts,  and  even  as  high  as  the 
ceiling,  at  the  fame  time  the  prifoners  were  well  warned  ; 
but  the  mod  important  part  of  the  method  he  employed 
is  the  nitrous  acid,  which  he  informs  us  he  ufed  in  two 
different  forms,  either  in  vapour  from  the-  yellow  or 
fmoking  nitrous  acid,  or  from  nitre  difengaged  by  the 
vitriolic  acid  \  by  which  practice,  both  in  hofpitals,  and 
in  private  practice  for  16  or  17  years,  he  has  obtained 
the  moft  decifive  evidence  of  it's  effects,  in  preventing 
the  fp reading  or  farther  communication  of  contagion. 
Having  found,  that  the  moft  highly  contagious  fevers  in 
hofpitals  do  not  effect  the  patients  in  general,  lodged 
in  the  fame  ward,  but  only  the  nurfes  or  thofe  who 
affift  them,  or  thofe  who  lie  in  beds*  contiguous  to  the 
fick,  he  has  repeatedly  prevented  the  farther  fpreading  of 
the  difeafe, -by  placing  gallipots  filled  with  the  fuming 
nitrous  acid,  betweed  the  beds  of  the  tick,  and  of  thofe 
who  were  not  yet  affected  by  the  contagion ;  and  in 
private  practice,  where  the  nitrous  acid  has  been  con- 
flantly  ufed  as  a  fumigation,  he  has  not  known  one  in- 
flance  of  a  contagious  fever  having  been  communicated, 
even  to  a  nurfe  or  to  an  attendant.  £fc  is  of  opinion, 
that  the  well  known  efficacy  of  the  fulphureous  acid  in 
deftroying  contagion,  is  a  fufficient  rcafon  for  it's  being 
continued  as  a  fumigation  for  clothes,  furniture,  &c.; 
but  as  the  nitrous  acid  is  attended  with  no  rifle,  or  in- 
convenience to  the  refpiration,  and  appears  of  fufficient 
efficacy  to  prevent  the  progrefs  of  the  contagion,  it  is 
the  proper  antidote  to  be  applied  in  all  fituations  where 
perfons  are  neceffiarily  prefent;  likewife  in  purifying 
empty  hofpitals  or  prifon.  wards,  or  (hips,  as  it  is  equally 
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efficacious  with  the  fulphureous,  it's  vapour  more  volatile 
and  penetrating,  and  it  does  not  leave  the  difagreeable 
fmell  which  fulphur  does,  when  burnt.  To  obtain  the 
nitrous  or  marine  acid,  in  a  ftate  of  vapour,  as  Dr. 
Smyth  is  of  opinion,  that  all  the  mineral  acids  will 
deftroy  contagion,  and  are  much  more  powerful  than 
the  mod  concentrated  vinegar,  he  advifes  to  decompofe 
nitre  or  fait  by  heated  vitriolic  acid,  half  an  ounce  of 
Which  is  put  into  a  crucible,  glafs,  china  cup,  or  deep 
faucer;  this  is  warmed  over  a  lamp,  or  in  heated  fand, 
adding  from  time  to  time  fome  nitre,  or  common  fait; 
thefe  veffels  ought  to  be  placed  at  20  or  30  feet  from  each 
other*  according  to  the  height  of  the  ceiling,  or  viru- 
lence of  the  contagion.  In  hofpitals  or  prifons,  the 
lamps  or  veffels  containing  heated  fand  may  be  placed 
on  the  floor;  in  {hips,  't  will  be  better  to  hang  them  to 
the  beams  by  waxed  filk  cords.  As  fumigating  with 
nitrous  acid  is  attended  with  no  inconvenience,  the  pro- 
cefs  fo  fimple,  and  the  materials  fo  cheap,  it  fhould  be 
employed  as  a  means  of  prevention,  for  fome  hours  every 
day,  in  tranfports  with  troops  on  board,  and  in  crouded 
hofpitals  ;  and  if  there  be  any  appearance  of  contagion* 
the  fumigation  mould  be  executed  with  more  care  and 
attention,  and  the  vapour  confined  for  feveral  hours  at  a 
time.  Fumigating  veffels  or  lamps  mould  alfo  be  placed 
contiguous  to  the  hammocks,  or  beds,  of  perfons  affected 
with  any  contagious  or  putrid  diftemper,  and  by  fuch 
precautions  great  mifchief  may  probably  be  prevented. 

A  corroborating  inftance  of  the  effect  of  the  nitrous  acid 
in  (lopping  contagion  is  defcribed  by  the  fame  author.  The  v 
experiment  was  Conduced  by  Menzies,  furgeon  on  board  • 
the  Union  hofpital  fhip,  which  contained  nearly  two 
hundred  flck,  of  whom  one  hundred  and  fifty  were  in  dif- 
ferent ftages  of  a  malignant  fever,  and  highly  contagious, 
VOL.  III.  U 
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as  appeared  from,  it's  rapid  progrefs,  and  fatal  crTe&s. 
The  utenfils  and  materials  for  fumigation  confided  of  a 
quantity  of  fine  fand,  twenty-four  great  earthen  pipkins, 
and  as  many  fmall  common  tea- cups,  with  fome  long 
flips  of  glafs  as  fpatulas,  the  concentrated  vitriolic  acid, 
and  a  quantity  of  pure  nitre  in  powder.  The  ports  and 
fcuttles  being  clofe  (hut  up,  the  fand,  which  had  been 
previouily  heated  in  iron  pots,  was  fcooped  out  into  the 
pipkins  by  means  of  an  iron  ladle,  and  in  this  heated 
fand  in  each  pipkin,  a  fmall  tea-cup  was  immerfed,  con- 
taining about  half  an  ounce  of  concentrated  vitriolic  acid, 
to  which,  after  it  had  acquired  a  proper  degree  of  heat, 
an  equal  quantity  of  levigated  nitre  was  added  gradually, 
and  the  mixture  ftirred  wi,th  a  glafs  fpatula,  until  the  va- 
pour arofe  from  it  in  confiderable  quantity.  The  pipkins 
were  then  carried  through  the  wards  by  the  nurfes  and 
convalefcents,  walking  about  with  them  in  their  hands, 
occafionally  putting  them  under  the  cradles  of  the  fick, 
and  in  every  corner  where  any  foul  air  was  fufpe&ed  to 
lodge.  In  this  manner  the  fumigation  was  continued, 
until  the  whole  fpace  between  decks  was,  fore  and  aft, 
filled  with  the  vapour,  which  appeared  like  a  thick  haze. 
The  body  clothes  and  bed  clothes  of  the  lick  were  likewife 
cxpofed  to  the  nitrous  vapour  as  much  as  pofiible,  the 
dirty  linen  removed,  and  immediately  immerfed  in  a  tub 
of  cold  water,  dried,  and  then  fumigated  before  taken  to 
the  wafh-houfe,  a  precaution  very  neceflary  in  every  in- 
fectious diforder;  due  attention  was  alfo  paid  to  cleanli- 
nefs  and  ventilation.  The  fumigation  took  up  about  an 
hour,  and  in  an  hour  afterward  the  vapour  having  en- 
tirely fubfided,  the  frefh  air  was  freely  admitted  by  throw- 
ing open  again  the  ports  and  fcuttles.  The  fumigation 
was  repeated  morning  and  evening,  and  it's  pleating  and 
immediate  effect  in  destroying  the  otfeniive  and  difegrce- 
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able  fmell,  arifing  from  fo  many  fick  crowded  together, 
was  very  perceptible;  and  fo  great  was  the  benefit  it  pro- 
duced, that  not  one  of  the  attendants  on  the  fick,  or  any 
ofthe  (hip's  company,  was  attacked  with  the  diforder  after 
it  was  firftbeorin.' 

o 

The  fuccefs  of  the  fame  plan  is  likewife  further  attefted 
by  the  fubfequent  letters  of  the  fame  furgeon,  and  Baflan, 
who  fucceeded  him ;  and  from  a  fimilar  experiment  made 
on  board  fome  ofthe  Ruffian  men  of  war. 

In  making  ufe  of  the  nitrous  vapour,  it  is  neceffary  to 
diftinguim  that  which  is  good  from  that  which  is  hurt- 
ful. The  vapour  made  ufe  of  by  Dr.  Smyth,  by  means 
of  the  vitriolic  acid,  poured  on  nitre  in  earthen  or  glafs 
veflfels,  is  white,  highly  dephlogifticated  or  oxygenated, 
and  mixed  with  a  large  quantity  of  pure  dephlogifticated 
air;  and  this  fume  is  not  only  not  fuffocating,  but  has  a 
pleaf ant  fmell. 

The  vapour,  however,  which  arifes  in  the  ufual  pro- 
cefsof  diftilling  aqua  fortis,  as  it  is  done  in  iron  veflels, 
or  which  exhales  during  the  folution  of  metals  by  the  ni- 
trous acid,  is  of  a  red  colour,  has  been  called  phlogifti- 
cated  nitrous  acid  vapour,  and  is  highly  fuffocating  and  • 
noxious;  fo  that  in  preparing  this  vapour  caution  muft  be 
ufed,  that  no  metallic  or  inflammable  fubftance  be  admit- 
ted to  the  acid  either  by  means  of  the  veffels,  or  ufing 
iron  fpatulas  or  implements. 

By  this  fumigation,  therefore,  it  appears,  that  the 
procefs  is  both  fimple  and  eafy  ;  and  although  the  vapour 
is  extremely  powerful  and  penetrating,  the  fick  of  every 
iefcription  are  obferved  to  bear  it  with  little  or  no  apparent 
inconvenience;  and  as  it  is  found  to  purify  the  air  from 
the  difagreeable  effluvia  produced  by  fo  many  people 
crowded  together  in  a  confined  fituation,  of  completely 
deftroying  the  offenfive  fmell,  and  contagious  matter  ari- 
U2 
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fing  from  putrid  animal  effluvia,  or  other  animal  mat- 
ters ;  it  will  be  peculiarly  advantageous  on  board  of 
fickly  fliips  and  hofpitals,  as  well  as  prifons,  where  the 
clothes  of  the  crew  or  patients  may  be  fumigated  at  the 
fame  time  as  the  apartments,  without  any  rifle  of  fire.  At 
the  fame  time  it  appears,  that  the  advantages  of  the  fu- 
migation are  not  only  experienced  by  thofe  in  health, 
whom  it  preferved  from  the  baneful  effects  of  the  fever, 
but  the  fick  and  convalefcents  derived  an  almoft  equal 
benefit  from  it ;  the  fymptoms  of  the  difeafe  were  me- 
liorated, and  loft  much  of  their  malignant  appearance, 
and  the  advantage  of  an  air  pure  and  free  from  flench 
to  convalefcents  muft  be  very  great. 

Dr.  Carmichael  Smyth  has,  in  a  dfcrlption  of  the  gaol 
dijfamper,  given  an  examination  of  the  different  means  hi- 
therto employed  todeftroy  the  gaol  contagion.  Thefehe 
arranges  under  two  claries,  viz.  the  phyfical  and  the 
chemical.  He  fays,  that  contagions,  whether  fpecific  or 
putrid,  are  either  checked  or  completely  deftroyed  by  the 
extremes  of  heat  and  cold  ;  and  by  a  free  expofure  to  air 
and  water  are  fo  diluted  or  diflblved  as  to  lofe  their  nox- 
ious quality.  Thefe  four  are  therefore  phyfical  agents.  A 
degree  of  heat  nearly  equal  to  that  of  the  oven  is  found 
necefiary  for  the  complete  deftruction  of  contagion,  and 
may  be  ufed  in  purifying  clothes,  furniture,  &c.  Heat 
is  likewife,  when  judicioufly  managed,  a  check  to  it's 
progrefs ;  for  as  clofenefs  and  dampnefs  are  favourable  to 
the  production  and  fpreading  of  contagion,  drying  and 
rarifying  the  air,  by  counteracting  thefe,  muft  be,  at  leaft 
fo  far,  proper  antidotes.  Independent,  however,  of  heat, 
an  open  fire,  efpecially  where  the  fuel  is  burnt  in  a  nar- 
row flue,  is  of  great  benefit,  as  being  one  of  the  beft  ven- 
tilators. The  degree  of  cold  ncceffary  to  deftroy  conta- 
gion is  probably,  like  the  degree  of  heat,  inconfiftentwith 
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life,  and  therefore,  although  we  hear  of  contagion  having 
been  checked  or  fuppreffed  by  cold,  there  are  few  in- 
ftances,  if  any,  of  it's  being  completely  deftroyed  by  it. 
That  noxious  vapours  are  hurtful  only  when  concen- 
trated, and  are  harmlcfs  when  diffufed,  are  fa6ts  univer- 
fally  admitted  ;  and  hence  clothes,  bedding,  or  other 
things  to  which  contagion  adheres,  are  purified  by  a  cer- 
tain length  of  expofure  to  the  open  air,  or  to  a  current  of 
water;  but  as  the  time  requifite  for  this  mode  of  purifi- 
cation is  uncertain,  and  as  contagious  clothes  and  goods, 
&c.  cannot  always  be  expofed  in  a  proper  manner,  the 
more  expeditious  means  which  chemiftry  affords  mud 
be  had  recourfe  to  :  and  as  Dr.  Lind  has  very  properly  re- 
marked, that  no  ventilation  or  admiffion  of  air  or  water 
into  prifons  or  hofpitals  can  remove  or  deftroy  contagion 
when  once  prefent,  although  both  may  be  ufefully  em- 
ployed in  blunting  it's  force,  chemical  agents  are  abfo- 
lutely  neceffary.  Thefe  Dr.  Smyth  examines.  The  che- 
mical agents  hitherto  employed  for  deftroying  contagion, 
are, 

1.  Burning  fulphur  with  charcoal,  or  with  arfenic.  The 
vapour  from  the  burning  of  fulphur  is  remarkably  vola- 
tile and  powerful,  and  it's  effect  in  deftroying  contagion 
has  been  long  eftablifhed,  but  as  even  in  fmall  quantities 
it  affe&s  refpiration,  producing  fuffocation  and  death,  it 
can  only  be  employed  for  fumigating  clothes,  furniture, 
or  empty  apartments.  The  occafional  addition  of  arfenic 
feems  to  have  been  made,  by  Dr.  Lind,  with  a  view  of 
increafing  the  deleterious  quality  of  the  vapour ;  but  it 
appears  unneceffary,  as  the  fulphureous  acid  is  fufficiently 
ftrong,  and  perhaps  the  vapour  of  arfenic  is  too  heavy  to 
rife  with  the  acid  of  fulphur. 

2.  Burning  or  deflagrating  nitre.  As  there  is  no  nitrous 
acid  produced,  it  can  be  of  no  ufe  except  fo  far  as  tjte 
oxygen  may  be  of  fervice. 

U3 
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3.  Burning  gunpowder  and  port- fire  (one  half  fulphur, 
one  quarter  nitre,  and  as  much  charcoal)  can  be  of  noufe. 

4.  Tar9  tobacco,  and  wood  when'  burnt  (although  Dr. 
Lind  appears  to  have  had  a  high  opinion  of  the  fccond, 
and  looked  upon  the  third  to  be  one  of  the  molt  powerful 
means  of  deftroying  contagion)  cannot  be  of  any  fer- 
vice. 

5.  Vinegar.  This,  although  much  boafted  of,  Dr.  Smyth 
never  faw  of  any  fervice ;  but  the  fteam  when  united 
with  camphor  affords  a  reviving  fmell  to  patients.  Warn- 
ing the  furniture,  floors,  and  walls  with  vinegar,  is  little 
better  than  common  water,  and  the  fame  may  be  faid  of 
white  warning,  and  oil  painting. 

The  mod  powerful  agents,  perhaps,  after  fire,  are  the 
mineral  acids,  particularly  when  in  a  ftate  of  vapour, 
with  the  different  gafes  or  permanently  elaftic  fluids  pro- 
duced by  them  ;  and  as  they  are  known  to  have  a  great 
influence  over  putrefaction,  and  thofe  other  fpontaneous 
changes  which  vegetable  and  animal  matter,  deprived  of 
life,  undergo§s,  they  certainly  mud  be  very  efficacious 
in  deftroying  the  gaol  contagion,  which,  according  to 
Dr.  Smyth,  is  a  vapour  produced  by  putrefaction. 

As  the  volatile  fulphureous  acid  vapour,  though  effec- 
tual in  deftroying  contagion,  cannot  be  employed  except 
in  fituations  from  which  people  can  be  removed,  Dr. 
Smyth  made  fome  experiments  with  the  vapours  of  the 
other  acids  upon  mice,  birds,  and  upon  himfelf ;  and 
found  the  different  acid  vapours,  in  refpect  to  the  fafety 
with  which  they  can  be  breathed,  may  be  arranged  in 
the  follow  ing  order : 

1.  The  vapour  of  nitrous  acid,  arifing  from  nitre  decompo- 
fed  by  vitriolic  acid.  This  is  perfectly  harmlefs  in  any 
quantity  in  which  it  may  be  required,  there  not  being  the 
leaft  rifle  in  breathing  it.  For  this  purpofe,  the  fumiga- 
ting lamps  fold  at  Moyfer's,  in  Greek  ftrcet,  Soho,  may 
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be  employed,  a  great  number  of  which  are  fold  to  the 
navy,  but  they  would  anfwer  much  better  if  the  lauccr 
was  deeper  ;  and  if,  inftead  of  a  place  for  a  lamp,  there 
was  a  box  proper  for  containing  hot  fand,  in  which  the 
faucer  might  be  placed.  This  nitrous  vapour  appears  to 
be  the  defideratum  fought  after  by  Dr.  Lind. 

2.  The  vapour  of  nitrous  acid  in  it's  fuming Ji  ate,  or  when 
the  nitrous  acid  is  mixed  with  nitrous  gas.  This,  though 
more  pungent  than  the  firft,  Dr.  Smyth  believes  may  be 
employed  with  the  greateft  fafety,  having  never  known 
any  inconvenience  from  ufing   it.     But  as  it  was  more 

difficult  to  pr   cure,  and  is  attended  with  greater  trouble 
and  expenfe,  he  has  always  ufed  the  firft. 

3.  The  vapour  of  marine  acid^  arifmg  from  common  fait 9 
decompofed  by  vitriolic  acid.  This,  though  more  stimula- 
ting and  more  apt  to  excite  eoughing  than  the  nitrous, 
maybe  fafely  ufed,  at  leaft  in  a  moderate  quantity,  where 
people  are  prefent;  and  where  nitre  cannot  he  had,  Dr. 
Smyth  would  not  hefitate  to  employ  it. 

4.  The  vapour  of  nitrous  and  marine  acids  from  nitre  and 
common  fait  by  vitriolic  acid.  .  This,  on  being  heated,  was 
more  pungent  than  the  pure  marine  acid,  and  therefore 
unlefs  it  be  found  more  efficacious  in  deftroyingcontagion, 
ihould  not  be  ufed  where  people  are  preient. 

5 .  The  vapour  of  fulphur  burnt  with  one-eighth  part  of 
nitre.  This  can  only  be  ufed  with  fafety  when  there  are 
no  people  prefent ;  hence  muft  be  foleiy  jonfmed  to  fumi- 
gating empty  apartments,  clothes,  furniture,  &c. 

6.  The  vapour  of  fulphur  burnt  with  charcoal.  This 
fhould  never  be  employed,  as  the  carbonic  acid  may  do 
harm,  and  never  can  have  any  effecl  on  contagion. 

7 .  The  vapour  of  oxygenated  marine  acid,  by  dijlilling  ma- 
rine acid  from  manganefe.  Dr.  Smyth  iays,  he  only  knows 
it  is  extremely  deleterious. 

u4 
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Dr.  Smyth  found  the  marine  acid,  when  properly  di- 
luted, proved  completely  effectual  in  deftroying  the  con- 
tagion at  Winchcfter  prifon,  by  waftiing  the  hammock 
pofts,  wal'Sj  and  floors  of  the  prifon  ward,  as  well  as  the 
other  furniture  with  it ;  and  iti  this  refpect  it  is  certainly 
more  powerful  than  the  moft  concentrated  vinegar. 
Frenchchc-  Since  Dr.  Smyth's  experiments  upon  the  mineral 
rnrti  ihv  acids,  the  French  chemifts  and  phyficians  have  publimed 
marine  and  a  papCr  on  ^g  means  of  deftroying  contagion.  It  is  en- 
titled, ii.  Injlruclion  fur  let  moyens  d'entretenir  la  falubriiey 
&  de  purifier  f 'Air  des  Salles  lam  les  Hopitaux  tniitxiret 
de  la  Republiq::-,  fait  au  Con  fed  de  Santc,  le  5  Ventofe,  I' an 
Qrl  de  la  Rcpuhlique"  From  this  memoire  it  appears,  the 
French  phyficians,  inftructed  by  Guiton  of  Dijon,  have 
lately  made  Irial  of  the  vapour  of  marine  acid  in  their 
hofpitals,  and  have  found  it  equally  as  effectual  in  de- 
ftroying contagion  as  the  fulphureous,  arid,  as  being  more 
volatile,  perhaps  even  preferable  for  the  purpofe  of  puri- 
fying hofpital  wards.  They  alfo  remark,  that  in  a  fmaller 
proportion,  it  may  be  fafely  ufed  in  hofpital  wards,  even 
■where  people  are  prefent,  and  the  experiments  of  Dr.  Smyth 
prove  the  fame.  The  method  the  French  phyficians  em- 
ployed to  obtain  the  marine  acid  vapour,  is  either  by  em- 
ploying the  fuming  marine  acid,  or  the  acid  detached 
from  it's  alkaline  balls  by  vitriolic  acid,  ufing  a  confide- 
rable  degree  of  heat  for  this  purpofe.  The  procefs  for  a 
room  containing  from  forty  to  fifty  beds  is,  after  hav- 
ing taken  out  the  patients  and  clofed  the  doors  and  win- 
dows, to  heat  nine  ounces  of  muriat  of  foda  (common 
fait)  {lightly  moiftened  with  half  an  ounce  of  common 
water,  and  pour  upon  it  four  ounces  of  fulphuric  acid  or 
common  oil  of  vitriol,  having  previoufly  placed  the  ap- 
paratus in  the  middle  of  the  room.  In  an  inftant  the 
fulphuric  acrd  acts  upon  the  common  fait,  and  the  ma- 


PUTREFACTION.  297 

rine  acid  expands  itfelf,  the  perfon  taking  care  tc%  leave  the 
room  immediately,  and  to  lock  the' door.  In  twelve  hours 
after,  the  doors  and  windows  are  to  be  opened  to  let  the 
currents  of  air  evacuate  the  acid. 

This  is  likewife  employed  in  the  rooms  filled  with  pa- 
tients, when  there  is  reafonto  fufpect  them  of  containing 
animal  miafmata;  but  in  thefe  cafes  one  third  part  only 
of  the  above  mixture  is  employed,  or  even  lefs,  carrying 
it  into  every  part  of  the  room  where  any  infection  may  be 
.fuppqfed  to  lurk.  After  the  chambers  are  fufficiently  full 
of  the  vapour,  the  apparatus  is  put  into  the  neceflaries  or 
privies,to  decompofe  or  neutralize  any  bad  or  putrid  exha- 
lations they  may  contain. 

Van  Mons,  in  a  report  made  to  the  Society  of  Medi-  Van  Mons. 
cine,  at  BruflTels,  with  refpect  to  the  means  neceffary  for 
purifying  the  air  in  the  apartments  of  the  fick,  oppofes 
the  method  of  fumigation,  as  it  diminifhes  the  refera- 
ble, and  adds  to  the  unrefpirable  air  5  in  general,  he  found 
the  air  in  fuch  apartments  to  confiftof  abundance  of  car- 
bonic acid,  hydrogen,  oxygen,  and  azotic  gafes ;  fome- 
times  a  little  ammoniacal  gas,  and  a  peculiar  emanation, 
called  contagious  miafma,  which  appears  to  him  to  be  a 
peculiar  combination  of.  hydrogenous  carbonic  acid  gas, 
holding  in  folution  animal  fluids  very  little  known.  The 
hydrogen  gas  contains  almoft  alwavs  in  folution  pure 
carbon,  phofphorus,  &c,  from  which  the  difagreeable 
odour  arifes.  The  carbonic  acid  would  form  a  much 
more  confiderable  part,  according  to  this  chemift,  were 
not  this  gas  continually  neutralized  by  the  ammonia 
evolved  in  all  difeafes  where  animal  fubftances  containing 
azot  are  decompofed.  Hence  the  contradiction  of  thofe 
•who  fuppofe  air  to  contain  carbonic  and  ammoniacal 
gafes  at  the  fame  time,  and  the  abfurdity  of  expofing  vef- 
fels  filled  with  quicklime  in  the  apartments  of  the  fick, 
which  takes  away  the  carbonic  acid  gas,  and  leaves  the 
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ammoniacal.  Among  the  beft  means  of  purifying  in- 
fected air,  this  chemift  chfles  vaporized  water,  which 
incommodes  the  patient  lefs,  and  deprives  air  of  it's  pu- 
trid effluvia  better  than  the  muriatic  or  acetous  acid,  or 
than  fpirits,  being  a  better  folvent  than  thefe.  The  ful- 
phureous  gas  he  thinks  might  decompofe  the  miafmata 
by  giving  them  a  portion  of  it's  oxygen,  but  it  leaves  be- 
hind it  an  oxyd  of  fuiphur,  the  fmell  of  which  is  very  of- 
fenfive;  hence  oxygenated  muriatic  acid  is  preferable. 
(Annal.  de  Ch.  vol.  29,  p   99.) 

With  refpect  to  the  ofFenfive  fmell  of  different  places, 
fuchas  privies,  night-chairs,  &c,  an  object  of  fuch  con- 
fequence  with  refpect  to  health  and  comfort,  the  moft 
cheap  and  effectual  means  of  deftroying  it  is  the  follow- 
ing: If  a  certain  quantity  of  milk  of  lime  (water  in  which 
lime  has  been  recently  (lacked  and  poured  off  previous  to 
it's  fettling)  be  mixed  with  a  ley  of  allies,  or  even  foapy 
water  that  has  been  ufed  for  warning,  and  thrown  into 
the  fink  of  a  privy,  or  other  convenience  for  the  fick 
room,  it  will  immediately  deftroy  the  ofTenfive  odour.  It 
is  obvious  that  a  more  fimple  method  is,  to  mix  a  few 
pounds  of  quick  lime  with  a  fmall  quantity  of  wood  aflies, 
and  a  bucket  of  water. 

The  fpirit  of  energy  which  the  pneumatic  method  of 
confidering  the  caufes  of  peftilence  has  introduced,  has 
already  created  a  formidable  oppofition  againft  fumiga- 
tions, and  the  deftruction  of  contagion  by  acid  vapours. 
Dr.Trotter.  Dr.  Trotter  informs  us  that  feveral  years  ago,  or  in  1793, 
he  had  no  faith  in  the  fumigating  procefs,  and  that  the 
acid  vapours,  particularly  the  nitrous  gas,  muft  be  preju- 
dicial to  thofe  who  are  pxpofed  to  them. 

The  oifenfive>effluvia,fo  difagreeable  to  the  fmell,  which 
the  acid  is  to  deftrov,  are,  according  to  Dr.  Trotter,  ful- 
phurated  hydrogenous  gas  (hepatic  gas), the  aerial  product 
of  fcecal  matter,  and  fuch  as  afcends  from  privies  ;  phoi- 


PUTREFACTION.  299 

phorus  and  carbon  may  alfo  be  mixed  with  it ;  the  nitrous 
gas  certainly  decompounds  it,  and  fulphur  is  precipitated 
and  the  fmell  vanimes.  In  the  fame  way  the  nitrous  acid 
alters  the  effluvia  of  the  confluent  fmall  pox,  when  they 
approach  beyond  maturity;  and  alfo  the  offenfive  matter 
of  large  (loughing  ulcers,  which/  do  not  materially  differ 
from  the  vapours  arifingfrom  the  feecalmafs.  The  nitrous 
eras,  according  to  the  fame  author,  deeompofes  the  car- 
bonic fulphurated  hydrogenous  gas  of  gunpowder  fu- 
migation, and  takes  away  it's  fmell  ;  the  oxygen  of  the 
nitrous  gas  combines  with  the  hydrogen,  and  forms  wa- 
ter, and  the  fmall  portion  of  azot,  with  the  fulphur  anjd 
the  carbon  fufpended  in  the  hydrogenous  gas,  is  precipi- 
tated, and  the  fmell  difappears;  but  Dr.  Trotter  thinks, 
that  the  nitrous  gas,  when  employed  againft  contagious 
effluvia  not  only  adds  nothing  to  the  improvement  of 
the  qualities  of  the  air  which  fupport  life,  but  that  it  is 
introducing  a  fubftance  that  takes  away  part  of  the  re- 
maining oxygen  of  the  atmofphere,  and  the  different  per- 
fumes ufed  as  fumigations  render  the  air  more  noxious, 
by  giving  out  hydrogenous  gas.  He  thinks,  that  although 
the  aromatic  vinegar  of  the  Edinburgh  Difpenfary,  vul- 
garly called  the  vinegar  of  the  four  thieves,  is  of  all  per- 
fumes the  moft  grateful,  yet  it's  effects  on  the  atmo- 
fphere cannot  be  great,  and  vinegar,  which  he  fufpects 
gives  out  oxygen  by  evaporation,  had  better  be  ufed  alone. 
He  fuppofes,  that  by  the  fumigating  procefs  of  Dr.  Smvth, 
-  the  very  fubftance  is  introduced  which  ought  to  be  avoid-  ' 
ed,  and  which  is  the  vehicle,  if  not  the  noxious  caufe 
itfelf  (the  fepton  of  Dr.  Mitchill),  and  the  experiments 
of  Reilly,  Browne,  and  Moffat,  on  board  different  vef- 
fels,  he  thinks  have  confuted  the  practice  of  it  as  a  fumi- 
gation: He  looks  upon  the  noxious  gafes  evolved  from 
excretions  of  the  lick  to  be  the  vehicles  of  the  infection  ; 
and  he  confiders  heat  as  one  of  the  moft  powerful  correc-r 


300  PUTREFACTION* 

tors  of  contagion ;  it  rar'rfes  foul  air,  or  that  fpoi'ed  by 
refpiration  in  crowded  apartments;  applied  to  fubftances 
imbibed  with  animal  miafma,  it  will  either  diflipate  it 
or  convert  it  into  an  inert  mafs,  fo  as  to  be  harmlefs ;  it 
will  dry  up  moifture,  and  above  all,  it  is  ufeful  as  a  ge- 
neral ftimulus  to  the  body,  by  keeping  it  warm,  and  thus 
fortifying  it  againfl  cold,  which  fo  evidently  tends  to  dif- 
pofe  it  to  receive  infection  :  hence  the  whole  prefervative 
means  are  comprifed  in  the  removal  of  the  lick,  clean- 
linefs,  fires,  and  ventilation.  It  is  evident,  that  the  opi- 
nion of  Dr.  Trotter  is  the  fame  as  that  of  Dr.  Mitchill 
refpecting  the  ufe  of  nitrous  acid  gas,  who  looks  upon  it 
to  be  themoft  prepofterous  and  ill-contrived  method  that 
can  enter  the  mind  of  man.  Such  are  the  principal  me- 
thods that  have  been  employed  to  deftroy  the  putrid  exha- 
lations arifing  from  the  decompofition  of  animal  and  ve- 
getable fubftances,  and  which  are  called  mi  a/mat  a. 
Conclufion.  Conclufion.  There  now  remains  to  recapitulate  the  prin- 
cipal facts,  and  to  conclude  the  fubject  of  putrefaction. 

Upon  recalling  to  mind  the  principal  phenomena  at- 
tending fpontaneous  decompofition,  it  has  been  feen, 
that  animal  matters,  which  are  compofed  of  hydrogen, 
carbon,  oxygen,  and  azot,  and  which  are  often  ftill  more 
complicated  by  the  union  offulphur,  phofphorus,  &c, 
on  being  deprived  of  life,  and  of  that  conftant  action 
and  renewal  of  their  component  parts,  that  appear  to 
conftitute  it,  foon  begin  to  change  by  the  more  fimple 
attractions  taking  place  between  each  of  their  principles, 
which  tend  to  unite  by  pairs.  This  gives  rife  to  binary 
compofitions,  fuch  as  carbonic  acid,  nitric  acid,  ammo- 
nia, and  carbonated  hydrogenous  gas,  which,  on  being 
difengaged  by  degrees  into  the  atmofphere,  diminifh  in 
proportion  the  mafs  of  animal  matters.  Hence  it  is  in 
confequence  of  this  natural  decompofition,  that  thefe 
matters  are  obferved  to  become  foft,  to  change  their  co-» 
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lour,  their  odour,  lofe  their  texture,  form  and  di  (tribute 
vapours  andgafes  into  the  furroundingelement,  which  ferve 
other  bodies,  particularly  vegetables,  with  the  neceflfary 
materials  for  their  formation  ;  or,  under  certain  circum- 
ftances,  are  converted  into  the  moll  deadly  poifons.    All 
the  phenomena  attending  the  putrefaction  of  animal  fub- 
ftances  are  derived  from  the  above  fources.     From  the 
union  of  the  hydrogen  with  the  azot,  arifes  the  forma- 
tion of  ammonia,  which  has  been  looked  upon  as  the 
principal  product:  of  putrefaction.     The  combination  of 
carbon  with   oxygen,  explains  the  formation  and   dis- 
engagement of  carbonic  acid,  which,  on  it's  flrfl  difcovery, 
was  fuppofed  to  explain  all  the  myfteries  of  putrefaction. 
The  nitric  acid,  to  the  formation  of  which  animal  matters 
are  known  to  contribute  fo  much  in  the  manufactures  of 
nitre,  arifes  from  the  union  of  the  azot  with  the  oxygen, 
whilft  a  certain  quantity  of  hydrogen  gas  being  difengag- 
ed,  and  carrying  with  it  carbon,  fulphur,  and  even  phof- 
phorus,  is  faid  to  create  that  variety  of  putrid  odours,  and 
that  phofphorefcent  light  obferved  in  all  animal  fubftan- 
ces  during  the  putrefactive  procefs. 

Thefe  volatile  principles  being  united  in  pairs,  and  ex- 
panded through  the  atmofphere,  there  only  remains  a 
little  carbon  united  or  mixed  with  fome  faline  matter,  as 
the  phofphats  of  foda  and  lime.  Sometimes  it  happens, 
that  even  the  acid  of  thefe  falts  is  decompofed,  and  it's 
radical  feized  by  the  hydrogen,  fo  that  nothing  more  is 
found  than  the  alkali  or  the  earth  which  ferved  for  a  ban's  . 
united  to  carbonic  acid.  Thefe  refidua  form  a  fpecies  of 
earth,  called  animal  earthy  that  often  retains  a  little  ful- 
phurous  and  carbonated  hydrogenous  gas,  a  little  oily 
matter,  and  an  extract  in  whiph  the  vegetable  creation 
finds  abundance  of  materials  neceffary  to  their  increafe, 
which  is  the  reafon  why  this  animal  refiduum  is  found 
to  be  fo  beneficial  as  a  manure. 

A  certain  quantity  of  water,  it  has  been  obferved,  is 
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neceflary  for  the  putrid  decompofition;  according  to  Four- 
croy,  and  fome  of  the  French  chemifts,  it  furniflies  the 
quantity  of  oxygen  for  the  formation  of  the  carbonic  and 
nitric  acids,  and  it  contributes  Angularly  to  the  putrefac- 
tive procefs,  by  it's  affinities.  They  look  upon  the  hy- 
drogen likewife,  arifing  from  this  decompofition  of  water, 
to  contribute  it's  part  in  forming  ammonia,  fince  it  is  a 
well  known  fact,  that  when  animal  matters  are  rendered 
more  dilute  by  a  large  proportion  of  water,  they  afford, 
during  their  decompofition,  ammonia  in  great  abun- 
dance. 

Putrefaction  confiding  in  a  fucceffion  of  particular  at- 
tractions, and  forming  new  combinations  ;  it  is  evident, 
that  all  exterior  circumflances,  as  temperature,  a  dry  or 
moift  atmofphere,  the  fituation  of  the  matters,  the  me- 
dium in  which  it  is  carried  on,  &c.  will  caufe  a  variety  in 
it's  effects ;  hence  bodies  that  are  fufpended  in  the  air, 
inhumed  in  the  earth,  or  plunged  in  water,  will  undergo 
various  modifications  in  their  decompofition,  which  will 
likewife  be  diverfified  by  their  quantity,  their  mafs,  their 
connexions  with  neighbouring  bodies,  and  other  agents, 
the  number  and  activity  ofwhich  are  at  prefent  unknown. 

Hence  bodies  expofed  to  the  air  are  foon  decompofed, 
or  if  inhumed  in  an  ifojated  date,  furrounded  by  a  large 
quantity  of  earth,  they  are  foon  deftroyed,  and  their  aeri- 
form or  liquid  products  are  abforbed  either  by  the  atmo- 
fphere, or  the  foil  around  them,  whilft  on  the  contrary, 
when  heaped  together  in  maflfes,  in  a  deep  earth  that  has 
been  faturated  to  excefs  with  the  effluvia  and  volatile 
products  of  putrefaction,  it  can  no  longer  influence  their 
decompofition  by  it's  difpofition  to  receive  or  favour  the 
new  combinations  that  take  place;  hence  they  remain  a 
long  time  undefiroyed  ;  the  animal  matter  is  wholly  con- 
verted into  ammonia,  and  a  concrete  oil,  forming  a  foap, 
as  difcovered  by  Fourcroy  in  the  churchyard  of  the  In- 
nocents. 
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The  phenomena  of  decompofition  of  bodies  plunged  in 
water  are  (till  different,  for  in  proportion  as  new  pro- 
duds  are  formed,  the  water  diflblves  them  and  diftributes 
them  into  the  atmofphere.  A  continued  humidity,  with 
a  prevailing  temperature  of  a  few  degrees  above  zero,  fa- 
vours the  putrefaction,  and  the  folution  of  thefe  matters 
into  a  gafeous  form  ;  on  the  contrary,  a  dry  and  hot  air, 
by  evaporating  the  water,  dries  animal  bodies  and  con- 
verts them  into  mummies,  in  the  fame  manner  nearly  as 
the  fands  of  Egypt. 

Although  the  numberlefs  varieties,  which  the  pheno- 
mena attending  putrefaction  prefent  to  the  obferver,  are 
at  prefent  undefcribed,  and  even  unknown,  yet  the  grand 
purpofe  to  which  they  all  tend  is  evident ;  life,  contrary 
to  the  chemical  affinities  which  the  component  parts  of 
bodies  have  towards  each  other,  had  forced  them  into  or- 
ganized combinations  ;  but  being  deprived  of  this  prin- 
ciple, they  refume  again  the  affinities  they  were  deprived 
of,  and  by  means  of  putrefaction  become  united  into 
lefs  complex  forms.  This  procefs,  without  which  both 
animal  and  vegetable  bodies  would  remain  ufelefs  and 
inert,  reduces  them,  therefore,  to  the  materials  of  which 
they  were  compofed,  in  order  to  form  a  new  creation, 
and  whilft  it  attefts  the  fimplicity  and  grandeur  of 
the  operation,  it  expreftes  the  fecundity  and  power 
which  are  fo  well  comprehended  in  the  philofophical  ex- 
preflion  of  Beccher,  the  circulus  ceterni  motus,  by  which 
he  meant  to  pourtray  the  never  ceafing  activity  of  nature. 

Boerhaave  Elementa  Chem.  p.  251.  t.  2. —  Gaber  - 
Nachricht  von  angeftellten  Verfuchen  iiber  die  Faulnifs 
thierifcher  Safte,  Hamb.  Mag.  t.  4.  s.  484. — Joh.  Bohn 
DiiTert.  chymico-phys.  &c. .  der  Faulnifs.  t.  2.  1685. 
Leips.  —  Ypey  Wahrnehmungen  iiber  einige  Faulnifs 
befordernde  und  verhindernde  fubftanzen  in  CrelPs  N.  E. 
t.  7.  s.  163. — Fourcroy's  Elemens  de  Chimie.  art,  Pu- 
trefaction des  Subftances  Animal,   t.  4.  —  Macquer's 


304  PUTREFACTION* 

Woerterbuch,  art.  Faulnifs. — Encyclop.Meth._t.  1.  p, 
79,  101,  163,  4. — Remarks  on  the  origiirof  Vegetable 
Fixed  Alkali,  with  fome  collateral  Obfervations  on  Nitre, 
by  M.  Wall,  M.  D.  Manchefter  Mem.  v.  2  p.  67. 
1789. — M -moire  fur  la  Nature  des  Fluids  elaftiques 
aeriformes  qui  fedegagentde  quelques  Matieres  animalcs 
en  Fermentation,  par  M  Lavoifier,  Mem.  de  l'Acad. 
1782. — Macbride's  Experimental  Eftays,  London,  1767. 
Buckholz  Verfuche  iiber  einige  der  neueften  anhermil- 
chen  antifept.  Subftanz.  Weimar.  1776. — Brngnatelli 
iiber  die  Faulting  thierifcher  Theile  in  verfchieden  Luft- 
arten,  Crell's  Chem.  An.  1787. — -Gardani,  Efiai  pour 
fervoir  a  1'Hiftoire  de  la  Putrefa&ion.  Paris,  1766. — 
Nicolai  de  Putredine.  Jen.  1 769. — -Crell's  Verfuche  iiber 
die  Faulnifs.  Chero.  Journ.  t.  1.  s.  158. — Ker*s  Che- 
mical Diet.  I.  p.  p.  1£2.  Birm.  1789. — Mem.  furies 
difterens  Etats  des  Cadavres  trouves  dans  les  Fouilles  du 
Cimetiere  des  Innocens  a  Paris,  en  1786  &  87.  par  M. 
Fourcroy.  An.  de  Ch.  t.  5.  2d  Mem.  torn.  8. — Sur  im 
Changementfingulier  operedansun  Foiehumain,Encycl. 
Meth.  t.  2.  p.  567- — On  the  Converfion  of  animal  Sub- 
ftanccs  into  a  fatty  Matter,  refembling  Spermaceti,  by 
G.  S.  Gibbs,  B.A.  Phil.  Trans.  1794  8c  95.— Philo- 
fophie  Chimique  par  M.  Fourcroy.  Briix.  An.  3.  p.  126. 
— Mem.  fur  la  Nature  du  Cerveau  8c  fur  fa  Propriete  de 
fe  conferver  long-temps  apres  toutes  les  autres  Parties, 
qui  fe  decompofent  au  Sein  de  la  Terre,  par  M.  Thouret, 
Journ.  de  Phys.  p.  329.  1791. — Macquer*s  Woerter- 
buch von  Leonhardi.  B.  7.  art.  Einbalfamiren. — Mo- 
moire  fur  les  Moyens  de  preparer  lcs  Quadrupeds  S>c  les 
Oifeaux  deftines  a  former  des  Collections  d'Hifloire  Na- 
turelle,  par  M.  Pinel,  M.  D.  Journ.  de  Phy.  fern.  2. 
p.  138.  1791.— -Procede  pour  durcir  les  Subftances  ani- 
males,  molles,  pulpeufes  ou  muqueufes,  &c.  par  M, 
Fourcroy.  la  Medecine  eclairee. 
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the  old  fyflcm                 -  5 

<Scc.  according  to  the  new         -  6 


* a —  a  peculiar  acid    found   in,  under  certain 

y.circumftances.        -             -     _    -                 -  7 

. if —  analyfis  of  by  reagents         ...  7 

— of  their  fluids    .    ,-         -  -          11 

„ a  ftriking  analogy  between   their  eggs  and 

•  the  feeds  of  vegetables         -              -           -           -  iy,  21 

1 divided   into  fanguincous  and  exfangui- 

neous                  -    •              -                  -  22 

■ —  lactiferous         -           -                     -         -  105 

1 — analyfis  of  their  folids                -                  -  277 

, hard  parts          -              -  324 

- — . — —  effects  of  light  upon         -                           -  II.  22*2 

rt on  parts  of                  -  224 

- — . young  compared  with  old         -  224 

" light  emitted  by                     -                       -  230 

. — ■ their  organs  formed  of  albumen,  gelatin, 

and  fibrin                  -                                                   -  459 
. their  heat  proportionate  to  their  refpi ra- 
tion            :             -                  -                  -          III.  27,"  9'2 

^ — have  a  power  of  generating  cold                 -  J4,  <X> 

^ capable  of  bearing  a  very  high  tempera- 


ture                -                 -                   -                   '-'  $H 

■;    1  ■  —  why  they  preferve  an  equal  temperature  97 

m fufceptible  of  fpontaneous  rapid  combuf- 

tion                -                  -                  -                  -~~  W 

j— preparation  of                       -                      -  241 

1 by  naturalifts             -          -  244 


Annihilation,  fuppofed  by  the  ancients  to  be  impof- 

fible         r  -  -  ~  -  -         III.  221 

Antimony,  phofphat  of  -     "•   14-8 

Antipathes  ulex  -  -  -         -     I.  379 

-. myriophylla  -  -         379 

Antifeptics,  gaftric  juice  highly^fo    '  1/  180,  J<K>,  194 
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Antifeptics,  various         -                       -  III.  541 

Antoninus  (Marcus)  his  opinion  of  the  foul          -  III.  2 
Ants,  acid  of,  fee  Formic  acid. 

omnivorous         -             -  II.  415.9 

:  furnlm  curious  fkeletons  of  fmall  animals  46\Q 

— — '  fubftance  found  In  their  hills         -  469 

— —  may  be  deftroyed  by  quicklime              -  -         4/0 

anal y lis  of                 -             -                 -  470 

Arabic,  gum,  cafy  of  digeftion,  but  occafions  acidity    1.210 

Argile,  phofphat  of                                -  II.   140 

Ariftotle,  his  dodrine  of  the  foul              -         -  III.       3 

• j opinion  of  refpiration             -  -             31 

*. . of  death         -            -  -         221 

—  of  pefUlence                  -  -         277 

Aroma  of  the  blood                                         -  I.  55,  99 

it's  properties  56 

■ r-  analogous  to  the  fpiritus  reclor  of  plants  -         57 

I — of  milk            r            -                0  106 

-of bile                 -                 -                 *  219,  223 


-  of  the  faliva  of  the  horfe         ^  238 

-  of  femen  »  -         26l 

-  animal         -  -  -  -     II.  201 


Arfenic,  phofphat  of  ■  '  *     ■  -  -     II.  146 

Arterial  blood  •  -  J.    23 

— —  contains  more  carbon  than  venous  S7 

Arvidfon  and  Oehrn,  their  experiments  on  formic 

acid  -  l  «  -     II.     53 

Aflimilation,  what  -  III.   195 

fuppofed  to  be  a  chemical  procefs         -         195 

— I where  performed  -         -  *         209 

Afs's  milk  -  -  -  ,  I.   160 

i it's  properties  -  -  \60 

« effects  of  reagents  on  -  160 

it's  curd  -  -  160,  l6l 

cream  -  -  l60,  l6l,  162 

| ,  whey  -  -  i6l,  162 

*-. — — — — %—  fugar  of  -  -        l6l 
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Afs's  milk,  it's  b_utter               -  -           I.  l6l,  102 

Allerias             -  -                 -     I.  358 

gradation  in  it's  covering  -                 -         350 

Azot,  forms  the  grand  difference  between  animal  and 

vegetable  fubftances         -         -  -         -         -    II.  464 

. it's  effed;  on  venous  blood  -                 -     III.     74 

* — ! on  arterial  75 


by  what  means  more  abundant  in    animals 


than  in  vegetables  -  202,  218 

- —  it's  proportion  increafes  progreflively  from  the 

205 
206 
234 


ftomach  to -the  great  intefti 
• >  formed  in  refpiration 

nes 

- 

« — —  oxyd  of,  See  Nitrogen. 

- 
- 

B 

■ 

" 

Bacon,  his  opinion  of  the  vital  principle  -       HI.       B 

Baillie,  his  experiments  on  gallftones         -         -         II.  356 
-Bancroft,  his  opinion  of  the  action  of  light  on  ani- 
mal fubftances      -      -  -  -  -     II.  227 

I — _ experiments  on  cochineal         -  263,  26*6 

U — method  of  extracting  the  colour  from  lac      284 

■Bartholdi,  his  analyfis  of-inleftinal  calculi  -     II.  346 

Barytcs,  it's  action  on  animal  fubftances  -      I.     10 

phofphat  of         -  -  -    IJ.   139 

•Bathier,  his  opinion  ef  refpiration         -  III.     31 

'Balyen,  his  examination  of  meconium  -  -     II.  435 

Beaftings  -  -  -  -       I.  141 

, — -  properties  of  .,-     .    .  .    -  *  142 

■ i —  more  animalized  than  common  milk         -  142 

Boaume,  his  experiments  on  filk         -         -         I.  403,  405 
Beddoes;  his  hypothefis  of  the  formation  of  oil  in 

animals  *  -  -  II.     40 

Beds,  why  goofe  feathers  preferable    to  thofe  of 

fowlsSor         -     -  -  e     .  -         -  -         I.  392 

Bee,  venom  of  the  •  •       II.  199 
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Belchier,    difcovered    that    madder  coloured  the 

bones        ------  -  -I.  343 

Bell,  his  experiments  on  the  refpi ration  of  fifhes       III.  144 
Benzoic  acid,  obtained  from  urine  -  II.  48,  387> 

, from  the  faccholaftic  -  48 

Bergman,  his  experiments  on  urinary  calculi      II.  294,  295 

2^6,  29S 

• — his  theory  of  refpiration        -  III.  49 

Berthollet  difcovered  the  zoonie  acid  -  I.  7,  28*5 

• fuppofes  air  necefiary  to  tanning  -  300 

• £  his  experiments  on  wool  -  3&8,  389 

: on  filk  -  399,  403 

. on  mordants  -  410 

—  on  animal  fubftances         II.     13 

• his  opinion  of  the  a&ion  of  light  on  ani- 


mal fubftances  "-  -  *  22$ 

his  experiments  on  cochineal  -  262 

his  experiments  on  fibrin         -  -         II.  457 


Bezoar,  oriental,  confifts  wholly  of  vegetable  mat- 
ter 

it's  etymology 

. two  kinds  of 

• it's  compofition 

■ fuperftitious  ideas  of 

• factitious 

dearnefs  of 

Fourcroy's  account  of 

Biggin,  his  experiments  on  barks 
Bile,  prefent  in  the  blood 

• none  in  healthy  blood 

does  not  enter  into  the  chyle 

■ what 

1 hepatic  -  - 

- cyftic 

• — —  it's  properties 

■ varies  in  quality 

• it's  fpecific  gravity  • 


- 

II.  320,  344 
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- 
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338,  340 
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Bile  contains  foda 

albumen 

1 rcfin 


it's  colour  affected  by  acids 

a  real  foap 

a  white  concrete  oil  found  in  it 

this  differs  from  the  white  cryftalline  matter 


of  gall  (tones 

—  action  of  falts  upon  it     .  ■  * 

—  takes  greafe  out  of  cloth 

—  putrefies  fooner  than  blood 

—  action  of  heat  upon  it 
!fr-  it's  muiky  odour 

-  products  on  diftillation 


pruflic  acid  found  in  it 

-—  it's  component  parts 

different  opinions  of  it's  faponaceous  nature 

—  iron  accidentally  prefent  in  it 

—  opinions  of  its  conftituent  parts 

—  that  of  the  pig  neareft  the  human 

—  it's  bitter  matter 

—  various  opinions  of  it's  ufe 

—  it's  importance  evident  from  it's  conftancy  in 

all  animals  -  -  -  -         231 

i —  confidered  by  fome  as  an  excrement  -  232 

—  this  the  author's  opinion  -  234 

—  perhaps  owes  it's  tatte  and  colour  to  a  peculiar 
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- 
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- 

219" 

- 

219 

220,  222, 

228 

* 

221 

221 

- 
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222, 
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- 
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224 

224, 
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- 

229. 
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229 
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230 
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230 
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matter         -  -  -  401 

—  it's  refin  analogous  to  that  of  caitor  -     IT.  2 18 


Birds,  effects  of  light  on  -  -  -     II.  22^ 

have  a  high  temperature  and  refpire  in  great 

perfection  -  -  -  III.     28 

Bifmuth,  phofpha^of  -  -II.   14§ 

Litter,  of  (ilk  -  *  -  I.  399,  401 

« — i —  combined  with  another  fubitance  in  beef  401 

1 — t — perhaps  gives  colour  and  talte  to  bile  -  40 J. 

Black,  his  theory  of  animal  Jieat        «-        -  IIJ.     8^ 
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Bliflers,  fluid  of  -  -  ,  -     I.  266 

compared  with  ferum  of  blood  266 

analyfls  of  -   «  •  -         26*6 

produced  by  burns,  flings,  &c.         -  -         267 


Blood,  all  animal  fubftances  formed  from  I.  2,  11 

j*f ~  life  depends  on  it                 -                 -  21 

of  two  kinds             -             -                      ■    -  22 

the  fluid  in  plants  fo  called             -  22 

I red  alone  yet  analyfed                  -  22 

j the  fame  in  different  animals  -           22 

■ it's  properties         -                  -  -           23 

jj* arterial  of  a  vermilion  colour  23 

(j venous,  purple                  -  23 

| quantity  of  in  the  human  fubjeel  -           23 


it's  fpecific  gravity                 -  24 

it's  heat                  -  24 

adtion  of  reagents  on  -            -           24 

it's  changes  on  expofure  to  the  air  -       25,  65 

in  vacuo  25 

in  oxygen  gas         -  25 


-  caloric  difengaged  on  it's  coagulation  -  25 

-  agitation  prevents  it's  coagulating  -         26,  49 

-  it's  putrefaction  -  -  26 

-  effects  of  heat  on  26 

-  it's  ferum  -  -  26 

-  it's  coagulum,  clot,  or  craflamentum         -         28,  65 

-  it!s  rednefs  caufed  by  the  prefence  of  iron     28,  45, 

75, 77,  103 
-it's fibrin  -  -  28,  100,  284 

-  it's  buffy  coat  -  -  29,  58,  91 

-  it's  proximate  parts  -  -     29,  99 

-  it's  remote  parts  -  29 

-  hiftory  ofit's  analyfis  -     -         -  30 

-  it's  colouring  particles  48,  72,  77,  85,  102 

-  bile  prefent  in  it  -  -  51,  57 

-  of  the  foetus  compared  with  that  of  the  adult  54 

-  prufifiaji  blue  found  in  it  -  55 


r 

.  55 

55 

,  99 

51 

58 

59, 

101 

61, 

103 

62, 

101 

64 

6* 

65 

66 

69 

70 

70 

71 

M«  ftrcEK. 

Blood,  the  flrft  changes  that  take  place  in  it  when 

drawn  •  <• 

U ...         it's  aroma        -  - 

— —  no  bile  in  it  in  a  healthy  ftate 

• —  proportion  of  ferujn  in  it 

»■  it's  albumen  •  - 

»■  ■■         ftilphur  prefent  in  it 

• it's  gelatin  -  » 

»■■  gelatin  exifts  in  it's  ferum  only 

■•■  it's  gelatin  not  conftantly  the  fame 

»■  it's  fibrin  and  albumen  likewife  vary 

» it's  coagulation  oppofed  by  neutral  falts 

■ method  of  feparating  it's  fibrin 

• it's  coagulation  explained 

»  endued  with  life  - 

■ not  coagulated  by  cold 

•* it's  albumen  particularly  influenced  by  dif- 

cafe  -  .  72,  102,  II.  460 

• — quantity  of  iron  found  in  •  •       I.     7$ 

f reafons  why  it's  rednefs  not  occafioned  by 

iron  ■-  -  .77 
it's  colour  owing  to  the  peculiar  organiza* 

tion  of  one  of  it's  parts  -  '  •  •  84 

• effects  of  urine  on  it  -  86* 

•■  quantity  of  carbon  in  *  $$ 

• difeafed  and  healthy  compared  •       87,  94 

inflammatory  examined  •  88 

• ftate  of  in  fcurvy  -  •  -  $5 

it's  appearance  affected  by  the  circumftances 

of  venefection  -  »  .97 

• ftate  of  in  putrid  difeafes  98 

« fodainit  ...  103 

it's  fluidity  owing  to  water  -  -  104 

— conjecture  of  Sylvius  refptrding  the  conver- 

fion  of  chyle  into  -  124 

it's  fibrin  the  bans  of  mufcular  irritability  284 

nfcd  for  clarifying  fluids  -        -  II.  453 
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Blood,  fuppofed  to  contain  the  vital  principle     -      III.       1 

< proofs  of  this                 -  6* 

. poifons  ad  by  depriving  it  of  oxygen          -  16 

oxygenated  by  means  of  refpiration             -  2.6 

of  fifties,  receives  it's  oxygen  from  water  27 

. ■  of  an  animal  in  a  given  ratio  to  the  perfec- 
tion of  it's  refpiration                 -  27 
. animal  heat  proportionate  to  it's  circula- 


tion -  -  27 
various  opinions  of  the  effect  of  refpiration 


on  it  -  -  -  *  31 

it's  black  colour  attributed  to  the  imbibing 

ofphlogifton              -  44 
oxygen  found  to  enter  into  it         -             -  4(> 


it's  colour  -  65 

opinions  refp® cling  the  catvfe  of 

this           -  -  -  -  6.5,  76,  79 
mown  to  be  owing  to  the  air     -  6'7 


milk  and  ferum  the  only  fluids   through 


which  the  air  can  act  upon  it  -  69 

venous,  experiments  on  -  -  73 

arterial  experiments  on  -75 

1 venous,  faid  to  be  warmer  than  arterial     -  84 

this  refuted  -  -  85 

— — ■  arterial,  contains  more  abfolute  heat  than 


water  -  -  -  8(* 

the  change  it  undergoes  in  the  lungs  is  fimi- 

lar  to  that  of  folids  when  melted  -  -  £0 
undergoes  a  change  in  it's  circulation  ana- 


logous to  combuftion  -  92 

-— and  thus  diffufes  heat  throughout  the  fyftem  1 19,  120 

* effeds  of  refpiration  on  -  118,122 

— — why  the  fpecific  heat  of  arterial  is  greater 

than  of  venous  .  -  -  -  120 
eftimation  of  the  degree  to  which  it  is  heated 

in  the  lungs  -  -  131 
—  venous,  efreds  of  nitrous  oxyd  on              -           15S 
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Blood  abforbs  nitrous  oxyd   rapidly  through  the 

coats  of  the  pulmonary  veins  -  -  160 

effects  produced  on  it  by  the  air         -         -  182 

_- , by  nitrous  oxyd         -  183 

red,  it's  proportion  quickly  diminished  by 

famine  -  -,  lf)9 

• furni flies  the  principle  of  azot  in  refpi ra- 


tion            -                 -                 -  215 

Blubber  -  -  -  II.  2 
Bochantc  (van)  his  experiments  on  bile  I.  220,  224s 
Bodies,  buried,  fee  Putrefaclion,  terraneous. 

Boerhaave,  his  hypothefis  of  digeflion          -  -     I.  204? 

. method   of  obtaining  microcofmic 

fait                 -                 -                   -  -     II.  390 
Boiffeau,  diftinguifhes  four  ftages  of  putrefaclion        III.  235 

Bombic  acid,  discovered  by  Chauffier             -  -     II.    SI 

— part  of  the  infeel:  that  fupplies  it  -             82 

. it's  colour            -  82 

method  of  collecting  it             -  82 

obtaining  it  pure  -              84 

. : .  exifts  in  every  Hate  of  the  infed  -             84 

■ it's  aclion  on  the  metals             -  85 

, Fourcroy's  definition  of  it         -  -             85 


Bones  -  -  -      I.  324 

• afford  gelatin             -             -           -  324 

diflillation  of             -             -  324 

• calcined             -                 -  324 

— aclion  of  acids  on             -                 -  325 

— preparation  of  phofphorus  from         -          -  325 

phofphorus  prepared  from,  by  nitrous  acid  327 

■        '      by  muriatic  acid  328 


— Morveau's  method  of  obtaining  phofphorus 

from  -  -  -  329 

— different  afford  phofphoric  acid  in  different 

proportions  -  -  329 

— of  old  animals  contain  molt  phofphoric  acid  330 

— ~ of  young  animals  contain  moll  gclatj^         -  330- 
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Bones  of  fifties  contain  more  phofphoric  acid  than 

thofe  of  quadrupeds                -  330 

* — - —  a&ion  of  alkalis  on  them              -  -  330 

bell  method  of  bleaching               -  -  330 

their  component  parts                 -  -  331 

of  fifties             -                 -               -.  '        -  332 

the  oflifying  fubftance  of                 -  -  332 

— formation  of  from  cartilage              -  -  332 

carbonat  of  lime  found  in                 -  333,  36 1 

enamel  of  the  teeth              -               -  334,  355 

foffil                  -                                -  334 

burnt                  -               -  -  335 

cannot  have  concurred  materially  to  form 

ftrata  of  limeftone  or  chalk                 -  -  335 

Component  parts  of  33<> 

how  formed                  -                  -  336 

their  difference  from  '(hells             -  319,336,361 

real  fecretory  organs                    -  ■  337 

farther  experimens  on  by  Hatchett  -  337 

cartilaginous  fubftance  of,  examined  -  337 

i refembles  albumen  340 


comparative  proportions  of  the  component 

parts  of  .      -  -  -  340 
difeafesof               -  342 


coloured  by  eating  madder              -               -     -  343 

i — r— -  compared  with  ftiells  and  cruftaceous  parts  360 

the  urine  much  changed  in  difeafes  of              II.  3J9 

Bonhomme,  his  experiments  on  urine                      -  383 

Bonvoiflin,  his  method  of  purifying  phofphoric  acid  125 

Bordeu,  his  examination  of  meconium         -    *       -  434 

Borelli,  his  hypothefis  of  refpiration    •             -          III.  31 

■ experiments  on  the  capacity    of    the 

lungs             -             -              -              -              -  53 

Bofch  (Vander)  his  examination  of  the  liquor  amnii       I.  269 

Bouvier,  his  analyfis  of  coralline               -               -  362 

Boyle,  difcovered  the  phofphoric  acid         -        II,  115,  130 

*H his-opinion  of  refpiration            -                 III.  32 
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Brain,  ancient  opinions  refolding  it's  compofition         1.  293 

examined  by  Thouret  -  293 

refembles  a  fpecies  of  foap  -  -  294- 

—  experiments  of  Fourcroy  on  -  -  294 

— contains  an  animal  pulp  of  a  peculiar  kind  295 

it's  compofition  -  -  -  296 

the  fource  of  fenfibility  and  irritability       III.  10,  12 

hardened  for  diflection  by  muriatic  acid         -  248 

converted  into  a  fatty  matter  -  -  264 

Brandis,  his  doctrine  of  vitality  -  -  8 

Brandt,  firft  procured  phofphorus  from  urine  II.  395 

Bread,  warm,  produces  acidity  -  I.  209 

.  wnat  eafieit  digefted  -  -  209 

Broth  -  .    -  .      -  I.  283 
produces  acetous  acid  by  fpontaneous  fer- 
mentation                -                 -             -                    II.     49 
Brouflbnet,  his  experiments  on  the  refpiration  of 

fifties  -  .      -     '  -  '-'-     III.  136 

Brown,  his  doctrine  of  life  13 

Brugmann,  his  experiments  on  pus  -         I.  247,  251 

Brugnatelli,  his  experiments  on  the  gaftric  juice    I.  182,  184 

• found  faccharine  acid  in. the  fdliva       -  238 

his  opinion  of  phofphorefcence  -     II.  233 

—  experiments  on  calculi         -  -  320 

^__ on  the  fediment  of  urine  36'0 

Buccinum,  found  on  our  mores  by  Cole  -  256 

Buckholz,  his  examination  of  the  water  of  dropfy         I.  268 

. method  of  obtaining  formic  aether     -     II.    5S 

Bucquet's  experiments  on  the  blood  -  I.  35,  46 

Buffon,  fuppofed  matter  mignt  acquire  vitality  III.       5 

Buffy  coat  of  the  blood  -  -         I.  29,  88,  91 

•  it's  nature  -  -  91 

Buniva,  his  experiments  on  the  liquor  amnii         -  271 

difcovery  of  the  amniotic  acid  -      II.     8S 

Butter  -  ,-'.\  -  I.   110 

—-  -   the  term  improperly  ufed  in  our  tranflation 

of  the  Bible  -  -  -  115 
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Butter  firft  mentioned  by  Herodotus             -  -  1.115 

—  fcythian  mode  of  making             -  --  115 

firft  ufed  by  the  Greeks  as  a  medicine  -  116 

afterwards  for  culinary  purpofes         -  '   -  116 

Hill  ufed  medicinally  in  various  parts  of  Eu- 
rope            -                 -                 -             -  -  117 

1 —  very  imperfectly  prepared  by  the  ancients  117 

— ■ —  of  cow's  milk                 -  145 

niceties  in  making             -                 -  145,  149 

—  beft  forts  of  Englilh                 -             -  -  148 

mode  of  preferving             -              -  -  149 

, 1  it's  rancidity              -                 -  149,  H.  29 


-  mode  of  diminishing  it's  rancid  tafte      I.  150,  II.  29 

-  feparati on  of  it's  parts  -                 -       I.  151 

-  of  human  milk              -  -                 -157 

-  ofafs'smilk                -  -                 l6l,  16*2 

-  of  goat's  milk              -  -                 -           163 

-  of  lheep's  milk             -  -                 -           165 

-  general  obfervations  on  -             -     •-           174 

-  an  animal  oil  -     II.       2 
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coloured  by  art             -                 -               -  28 

--t it's  tafle  and  colour  depend  on  the  food  of  the 

animal               -                  -                 - "  .             -  28 

i it's  confidence             -                 -                 -  29 

— action  of  heat  on  it             -  29 

— contains  febacic  acid             -                    ■    -  29 

- — —  forms  foap  with  potafh                 -                 -  29 

occafions  the  yellownefs  of  milk         -           -  30 

Butter-milk       -  -  -  I.  110,  151*  16*3 


Cadet,  his  experiments  on  bile  -         I.  224,  225,  226 
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, _J fometiraes  wholly  formed  of  this  -     11 
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Calculi,  biliary,  what               -                        -  IT.  351 

. how  produced                 -                 -  351 

claflifications  of  -  351,  352 

.             variety  in  their  appearance             -  351 

. . •  their  talie  feldom  bitter                   -  352 

— . fpecific  gravity             -           -  353 

inflammable                  -                   -  353 

diftillation  of                 -                  -  II.  353 

■ action  of  reagents  on           ,  -          -  354 

m detonate  with  nitre             -              -  354 

»■«-  foluble  in  oils                  -                  -  355 

difcovery  of  mining,  fcaly,  cryftalliz- 

ed  matter  in                                                              -  356 

this  matter  a  fpecies  of  fpermaceti  357 

particular  kind  of                             -  359 

remedies  for          -            -             -  36*1 

! none  found  in  the  ox  while  feeding 


on  green  forage                   -                 - '               -  36 1 

hepatic                -                -  36 1 

urinary,  compofed  chiefly  of  lithic  acid     -     II.     86 

more  common  than  any  other       -  288 

differ  little  in  their  component  parts  288 

— , their  external  properties                 -  289 

opinion  of  the  ancients  rcfpecling  290 

attempts  to  decompofc  in  the  body  291 

—  fuppofed  to  be  calcareous              -  292 

, diftillation  of  292 

foluble  in  water             -                 -  294? 

in    concentrated    vitriolic 


acid                 -                               -  .          .  294 

jn  nitrous  acid  -  295 

jn  vinegar  -             -  297 

in  citric  acid  -             -  297 


various  fol vents  of  •  297,  308 

limewater  long  recommended  as  a 

lithrontriptic             -                  -  -  297 
_ — ,  dilTolved  by  cauftic  alkalis  -  29S 
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Calculi,  biliary,  diffolved  by  carbonated  water        -  298 

1 '■ what  -  -       -  298 

— i matter  of,  m  all  urine  -         -  300 

m analyfis  of    300,  303,  306,  313,  317,  322 

• cauftic  fixed  alkalis  the  only  proba- 
ble folvents  of  -  -  -  -  302 

*- fufible  fpecies  of  -  302,  308 

~ mulberry  -  305,  309,  324 

■ ■ ! bone  earth  -  -    307,309 

— ■ remedies  for  -  -  308 

- — i a their  fpecies  may  be  afcertained  by 

means  of  the  urine  •  -  .  309 

7 contain  a  peculiar  animal  oxyd  310 

, of  the  dog  -  316* 

— . — ■__  analyfis  of        -  -  317 

— of  the  rabbit  -    -  -  3 is 


urinary,  of  the  horfe  -  -     II.  318 

fubftances  discovered  in  by  Four- 


croy  and  Vauquelin  "-  -  -  322 

clarification  of,  according  to  their 


component  parts,,  -  323,  325 

animal  matter  forms  their  cement  325 

0f  the  pig  -  -  327 

date  of  the  urine  in  perfons  affect 


ed  with  -----  425  - 

—. renal  -  -  -  -  327 

r common  to  different  animals  -  329 

of  the  horfe  -  -  -  329 

— of  the  cat  -  -  -  330 

- >  arthritic,  confift  chiefly  of  lithic  acid         -     II.     86* 
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Calculi,  urinary,  different  from  urinary  -           332 

: lithiat  of  ioda  -                -           333 

of  the  pineal  gland             -  -             -           335 

. of  the  proflate  gland  •                 -           336 

. ftomatici,  fee  Bezoar. 

. inteftinal             -                 -  344 
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— . —  fee  Veal. 

Caloric  of  Lavoifier's  fyftem  nothing  but  a  repulfive 

motion  -  -  -  III.  121 

Camel,  urine  of  the  *  -,     .  -  -     II.  429 

Cancer,  pus  of  -  I.  252 

Candles,  made  of  fpermaceti  -  -     II.       4 

Cantharides  -  -  -  473 

Carbon,  quantity  of  in  blood  -  I.     86 
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culi -  -  -  -  298 
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- — ■ — —  it's  effect  on  venous  blood         -  74 

i has  no  effect  on  arterial  -  75 

. experiments    on     the    quantity 
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— ■  attempt  to  breathe  -         -  1-85 
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produced  by  putrefaction         '  -  227 
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on  that  of  the  grami- 
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' formation  of  bone  from  -  332,  336 
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Cat,  renal  calculi  of  the 
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different  kinds  of 
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Chaulnes  (duke  dc)  hi?  method  of  obtaining  micro- 

cofmicfalt  -  -  -  -     II.  3<H 

Chauffier,   difcovered  the  borabic  acid  -  81 

— his  method  of  preferving  anatomical  fub- 

jefts  -'  -  -  -    III.  247 

Ch'eefe,  fuppofed  by  Scheele  to  be  an  impure  albu- 
men -  -  -     ,  I.    14 

— made  from  curd  of  milk  -  -  111 

— known  to  the  ancient  Scythians  -         116 

Greeks    and    Romans    before 

butter  -  -  -  -  116 

of  great  antiquity  -  -  117 

— fingular  circumftance  refpeclingthe  milk  fit 


for  it                 -                 -  -                                 118 

—  beft  kinds  of  anciently  -                -           118 

rennet  beft  for  making  -                -           126 

action  of  alkalis  on  -                                      1 53 


acids  on                    -  154 

the  beft  Englim             -             -                 -  155 

— .  goat's  milk                 -  162,  163 

Roquefort                 -                  -  l6.6 

Chemiftry,  modern,  revolution  in  -  I.  3 
capable  perhaps  of  difcovering  the  laws 

of  our  exiftence  -  III.  26 
: —  may  enable  us  to  deftroy  our  pains  and 

increafe  ourpleafures  -  -  -  26 
Chemifts,   old,  their   method  of  analyfing  animal 

fubftances                 -             -                V  I.       3 

modern,  their  improvements                    -  3 

Chenier,  his  examination  of  the  faliva  of  the  horfe  238 

Chefeldcn,  rightly  afcribed  digeftion  to  a  menftruum  201 

Children,  contents  of  their  ftomachs  often  four  1<)0 
Churchyards,  adipocerous  matter  refembling  fper- 

maceti,  produced  in  -  -  '  -  II.  7 
Chyle,  conjecture  of  Sylvius  refpecling  it's  conver- 

fion  into  blood                 -                    -               r  I.  124 

•r- — -  fimilar  in  all  animals                  *                  -  211 


Chyle,  confifts  of  three  parts                 -  1.211,212 

- — — takes  up  certain  fubftances  -               -           212 

not  formed  in  the  ftomach  -             212,  214 

— milk  approaches  it  in  nature  N                 212 

when   mixed  with  the  blood  acted  upon  by 

refpiration                 -                 -  -             III.  215 
furnifhes  the  principle  of  carbon  -          -           216 


Chyme,  what           •--                                r                 -.  I.  202 

• —  the  fame  from  animal  and  vegetable  food  207 

Cigna,  his  hypothefis  of  refpiration               -  III.     40 

0f  the  colour  of  the  blood  66 

Cinnabar,  how  converted  into  vermilion  -  I.  82 
Citric  acid,  it's  action  on  urinary  calculi  -  II.  297 
Civet  -  -  -  -  -  2,20 
Clarifying  liquors,  ufe  of  albumen  in  -  453 
Clennel,  his  account  of  the  method  of  making  glue  I.  315 
Coagulum  of  blood  r  -  I.  28,  65 
_. differs  from  ferum  only  in  con- 
taining iron             -  38 

— examination  of             -    ,          -  46 

-■ —  caufes  of  it's  production  65,  70 

action  of  heat  on  it                   -  6j 

, reagents  on  it             -  68 

examined  by  diflillation             -  68 

_— it's  production  explained           -  70 

H ftate  of  in  inflammatory  difeafes  88 
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it's  appearance  aifected  by  the 

circumftances  of  venefection  -  "97 

— . of  milk,  fee  Curd  and  Cheefe. 


Cobalt,  phofphat  of                 -  -               -11.141 
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j 1 —  where  collected  -           -           285 

compared  with  kermes  -          285 

Cochineal                 -  26*0 
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_— properties  of  the  beft 
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Combuftion,  refpiration  a pciiec\  though  flow  III.  105 

I .  rapid  animal,  extraordinary  cafes  of  107 

Concretions,  animal  -  -  -II.  288 

, — u-: —  ufe  of  their  analvfis  -  288 

_ thofe  found  in  the  ftoraach  cou- 

fift  wholly  of  vegetable  matter  -  -  320 

Conradi,  firft  difcovered  the  fpermaceti  m  galltlones  356 

Contagion,  diftinguimed  from  infection  -      IIJ.  2&9       ( 

of  peftilential  difeafes  -  ■-.  270 

.■  ■  ■      — r-  epidemics  never  propagated  by  -  271 

. how  communicated  -  -  273 

fumigations  ufed  againft  282,  285,  2S7,  293 

Convulfive  difeafes,  urine  deftitute  of  uree  in  II.  424 

Cookery,  art  of  -  -  -       III.     IS 

Copper,  may  be  oxided  blue  by  acids  -  II.     17 

. phofphat  and  phofphure  of  302,  103,  141 

Coral,  analyfis  of  -  I.  372 

Coralline,  analyfis  of  362,  3p9 

Cotton,  experiments  on  dyeing  with  cochineal  II.  2/6 

Coulomb,  his  experiments  on  filk  -  I.  404 

Cow,  milk  of  the  -.  -  -  138 

• it's  properties  -  -  -  138 

effects  of  reagents  on  -  -  139 

diflillation  of  -  140 

r-aw- — —  it's   quantity  diminifhed  by   change    of 

food  -  -  -  -  141 

. headings  -  -  141 

• cream  of  -  -  -  142 

Anderfon's  obfervations  on  143 


affected  by  electricity  -  -  144 

butter  of  145 

fkimmed                 -  -  -  151 

cafeous  matter  of  -  -  153 

-whey  of                 •»'-'■%  -  ■*    '        154 

cheefe  of                -  -  -  155 

management  of,  with  refpect  to  it's  milk        '-  177 

liquor  amnii  of  the             -  -  -  274 
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Cow,  peculiar  animal  matter  in  it's  liquor  amnii  I.  27 5 

urine  of  the             -             -                 -  II.  429 

converted  into  fatty  matter             -  -     III.  265 

Cow-dung,  aromatic  water  diftilled  from  -         11.202 

Crabfhells,  contain  phofphat  of  lime                 -  I.  359 

Crawfifh,  fleih  of                   -                             .  -           280 

broth  of                 -                   -  -281 

. their  fhells  contain  phofphat  of  lime  359 

Crawford,  his  experiments  on  cancer  -           252 

'•  theory  of  the  colour  of  the  blood  III.     70 

. of  animal  heat               -  '  85,  1 17 

Crayons,  ifinglafs  ufed  in  making                 -  I.  323 
Cream            -                                                   10fj,  110,  115 

— « —  of  the  cow             "              -            -  -    .       142 

Andcrfon's  obfervations  on             -  -           J43 

-of human  milk                 -                 -  157 

ofafs'smilk  -  -  16*0,  l6l,  162 

„             of  goat's  milk                 r                -  16*2 

of  fheep's  milk             -                 -  l63 

general  obfervations  on                 -  -           174« 

Crell,  his  experiments  on  fpermaceti                   -  II.       5 

r— — -on  fat  18 

^_ on  human  fat  -             24 


method  of  obtaining  phofphorus    from 


bones  -  -  -  146 
experiments  on  febacic  acid                    -           17 1 


Critias  fuppofed  the  blood  to  be  life  -.  III.       2 

Critolaus,  fuppofed  the  foul  a  fifth  fubftance  -  2 

Cruickfhank,  his  experiments  on  the  pus  of  the  hof- 

pitalfore  -  -  -  I.  254 

— analyfis  of  urine     II.  373,  378,  381,  387, 

402 
Cruftaceous  parts  -  -  I.  357 

<  of  echini         -  -  357 

, refemble  eggfhells  -  -  358 

• — ; < •  all  contain  phofphat  of  lime  350 
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Cryftalline  lens,  jhow  the  nerves  of  were  difcovered     II.  453 
Cryftals  of.  femen  -  -  I.  26*0,  262 

Cullen,  aflerted  life  to  be  a  forced  ftate  -         III.     13 

his  theory  of  animal  heat  -  -  82 

Curd  of  milk  -  -  1.106,110,174 

j ■  effect  of  heat  on  it  -  -  111 

cheefe  formed  from  it  -  -  111 

principally  affected  by  difeafe  -  175 

Currie,  his  opinion  of  life  -  -  -       III.  J 
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Dehnc,  his  analyfis  of  horn 

method  of  preparing  oleum  animate 

£>elaval,  his  experiments  on  colour 

Deleurye,  his  experiments  on  meconium 

Delius,  his  experiments  on  bile 

Defcartcsj  the  firft  modern  who  rejected  the  fepa- 

rate  cxiftence  of  the  vital  principle  -  III.       5 

. his  hypothefis  of  refpi ration  -  31 

Deyeux,  his  experiments  on  the  blood  I.  55,  93,  99 

■ his  opinion  of  animalization  -         III,  217 

Diabetes,  urine  contains  much  faccharine  matter 

in  -  II.  37%  381,  382 

Diet,  it's  effecT;  on  milk  -  *    *         I.  121,  140 

crude  vegetable,  occafions  acidity  -  ]  89 

caufes  the  acidity  of  the  gaftric  juice  -  189 

vegetable,  produces  acidity  -  -  189 

animal,  occafions  alkalefcency  -  -  189 
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Nervous  affe&ions,  ftate  of  the  urine  in  II.  380,  424 

^Neumann,  his  examination  of  flefh    *'•.■-  -         I.  277 

analyfis  of  horn     %**»*#  ~  *           -           345 

. of  fhells                 -  .  -           350 

i experiments  on  fpermlceti-  -         II.       4 

analyfis  of  fats                  -  16 

| ofmuik-              -  220 

of  ants                 -  -           470 


, of  millepedes  -           475 

*-— of  earthworms*  -           -           476 

Neutral  falts,  theiV  action  on  blood  -             I.     24 

*_ _—,_  on  milk  1  •  -               107,   124 

i*j on  bila  -           -           222 

m aclion  of  uree  on  -                 -     11.418 


Newton,  his  theory  of  colour  contradicted  -  246 

1  his  opinion  of  refpiration  -  III.     39 

Nitre,  obfervations  on  the  manufacture  of  -       II.  426 

formation  of  -  -  III.  231 

of  milk  -  -  -  I.  128 

Nitric  acid,  it's  action  on  animal  fubftances  I.       8 

. oninfpiffated  albumen.  17,  18,  II.  448 

.. on  bile  -  I.  219 

, on  fkin  -  297,  320 

£ on  fhells  -  -  353 

„_, on  cruftaceous  parts  -  359 

£l on  zoophytes  360,  Sffl,  S6*9»  &c. 

onfilk  -  -  399 

■  '  on  the  fpermaceti  of  biliary  calculi  II.  11 

"  on  phofpnorus  93 

. on  uree     —  -  404,  412 
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Nitric  acid,  it's  a&ion  on  gelatin             -  -         II.  456 

on  fibrin               -  •  -           45/ 

Nitrogen,  produced  during  the  refpiration  of  nitrous 

o*yd             -                 -             -           HI.  170,  17*',    191 

. ; &c.  of  atmofphcric  air  -           176 

_ refpiration  of         -               „-  -            184 

■■                  it's  aeriform  combinations  -            194 

_ confidered  as  the  caufe  of  plague  -           281 

Nitrous  acid,  it's  action  on  faliva                  -.  I.  239 

_ __ -■   -   on  nafal  mucus  -           245 

i, —on  pus                 -  1           248 

,., on  bones                 -  -           327 

— on  zoophytes  -  -           36*8 

— — on  hair                 -  -           388 

__ on  filk                 -  -           399 

— converts  animal  fubftances  into  a  con- 

.  crcte  oil  II.  2,  12 

.                — it's  action  on  fat                 -  -19 

.  .  ,    1     .-  on  oleum  animale  »             3(> 

■ on  formic  acid  -              57 

■ — '          on  phofphorus      -  -           120 

—  ■                             on  urinary  calculi  -           8$$ 

-           ■■  ■— —  on  gallftoncs               -  -           355 

on  urine                 -  380,  382 


— produced  during  putrefaction  III.  230 

_ employed  to  deftroy  contagion  -           287 

1             mode  of  doing  this                  -  *           28.9 

Nitrous  acid  gas,  it's  a<ftion  on  train  oil  -         II.     30 

Nitrous  gas,  it's  aclion  on  phofphoric  acid  -           136 

~ — ■■  '■"       — —  on  venous  blood  -             III.     74 


— — injected  into  the  jugular  vein  of  a  dog 

foon  killed  it  -  -  '75 

. it's  effect  on  arterial  blood  -  75 

— ■»  attempt  to  breathe  -  -  186 


Nitrous  oxyd,  refpiration  of  -  151,  183 

■  n-  fuppofed  to  be  the  principle  of  contagion     151 


INDEX. 
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2Sitrous  oxyd,  proofs  of  the  contrary 
—  i. —  method  of  procuring  it 

i— it's  properties 

.»____ i'pecific  gravity 

■  ■-'  compolition 


III. 


refpired  by  warmblooded  animals 
deftroys  them  by  exhaufting  their 


irritability  and  fenfibility 

■ refpired  by  amphibious  animals 

- by  fifties 

_« ,  by  in  feds 

. by  worms 


not  decomposed  in  refpiration  as  at- 


mofpheric  air 


ration  of 


refpiration  of 


it's  effects  on  venous  blood 
changes  produced  in  by  refpiration 
comments  on  the  experiments  with 
nitrogen  produced  during  the  refpi* 

170,  172, 
carbonic  acid  produced  during  the 

_ — , — . u.  water  produced  during  the  refpira- 
tion of  - 

effects  of  it's  refpiration 

. it's  action  produces  no  debility 

i ufes  of  - 

Noctiluca,  Boyle's  *  -  -     II. 

Nutriment,  muft  be  a  pofitive  ftimulus  -  III. 


the  radical  of  oxalic  acid  the  common 


bafe  of  all 


O 


Oak  bark,  it's  utility  in  dying  hats  *  I. 

Gats,  analyfis  of  the  afhes  of  II. 

Oehrn  and  Arvidfon,  their  experiments  on  formic 

acid  -    -  * 

Oefophagal  liquor  *  *  v  I.  202, 

Oil  of  blood  - 
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443 
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Oil,  animal,  Dippel's  -  I.  345,  II. 

—-  what  included  under  the  terra 

—  almoft  all  animal  fubftances  may  be  converted 
into  -  - 

&c.  this  naturally  in  cemeteries 

&c.  how  effected  by  art 

—  varieties  of  -  - 

—  lefs  folid  in  the  living  animal 

to  what  it's  firmnefs  owing 

varies  in  different  animals 

in  different  parts  of  animals 

claffificarion  of 

■ —  purification  of,  for  lamps 

fweet  faccharine  matter  found  in 

foap  made  from 

-—-  what  befl  for  this  purpofe 

action  of  metallic  oxyds  on 

earths  on  - 

— -  component  parts  of 

how  formed  in  animals 

action  of  phofphoric  acid  on 

Old  people,  ftate  of  the  urine  in 
Opium  in  fmall  quantities,  nourifhing 
it's  effects,  how  cured  by  vinegar 


Offeous  matter  - 

— — . — increafes  in  proportion  to  age 

contained  chiefly  in  the  bones 

— —  exifts  in  the  fkeletons  of  infects 

.  phofphat  of  lime 

Oflification,  procefs  of 

'• ufe  of  milk  in  - 

; •  of  foft  parts  * 

Ouretic  acid  - 

Ouric  oxyd,  fee  Uric  Oxyd. 
Oviparous  quadrupeds,  examination  of 


383, 
III. 

II. 


I. 

II. 

128, 


35 
1 

1 

1 

2 

& 

2 

2 

2 

3 

3 

4 

22 

31 

32 

33 

34 

40 

40 

149 

425 

19 

19 

460 

460 

461 

46l 

461 

336 

340 

349 

386 


Ox,  flefh  of,  examined 


468 
I.  278,  279,  284,  285 


INDEX. 

Oxalat  of  lime,  bafis  of  mulberry  calculi 
Oxalic  acid  obtained  from  ferum 

from  feveral  animal  fubftances 

—  lithic  convertible  into 

found  in  urine 

■ it's  bafe  the  common  bafis  of  all  nutri- 
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tious  fubftances 

— how  far  this  is  true 


Oxygen,  renders  animal  oil  concrete 

a  diminution  of  occafions  fatnefs 

— — fcurvy 


— l —  it's  influence  on  vitality  -  I 

the  proximate  caufe  of  irritability  . 

fubftances  that  have  moft  affinity  for,  moft 

nourishing  -  - 

_ thirft  indicates  a  want  of 

necefiary  to  the  excitement  of  irritability 

imparted  to  the  blood  by  means  of  refpi- 


II. 

324 

I. 

27 

II. 

48 

87 

386 

III. 

202 

211 

II. 

2 

40 

41 

[I.  7 

',  16 

15 

18 

19 

22 

ration  -  -  *  26 
the  blood  derives  it  from  water  as  wrell  as 


from  air  -  -  27 

what  becomes  of  it  in  refpiration        118,  119,  120 

•  does  not  combine  with  the  blood  in  refpi- 
ration - 

—  is  not  decompofed  in  refpiration 

confequences  of  the  combinations  it  forms 


120 

122 

208 

I. 

25 

JII. 

42 

73 

in  the  alimentary  canal  * 

Oxygen  gas,  it's  action  on  blood 

difcovered  in  the  atmofphere 

1 it's  effect  on  venous  blood 

• inje&ed  into  the  jugular  vein  of  a  dog 

foon  killed  it  -  -  -  7$ 

9 quantity  confumed  in  refpiration  112,  181 

— — refpiration  of  «■_»  -  ISO,   186 

■ —  lefs  oxygen  confumed  in  it's  refpiration 

than  in  that  ofatmofphericair  -  •»  181 
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Oxygen  gas,  it's  proportion  diminifhes  pvogrefilvely 

from  the  ftomach  to  the  great  inteftines         111.  205,  20$ 
Oyfter  ihells  -  -  -  t  3^2 

Oyfters,  living,  afford  little  nourifliment  -        III.    1* 


Pancreas,  calculi  found  in  the  -  II.  349 

Pancreatic  juice,  analogous  to  faliva  -  1.  240 

Papin,  his  digefter  -  -  -  313 

Paracelfus,  his  fidereal  fpirit  -     *  -     III.       4 

Parmenides,  fuppofed  the  foul  to  be  fire  -  2 

Parmentier,  his  experiments  on  the  blood         I.  55,  93,  99 

' '■ on  gliie  -  -  314 

>      — . opinion  of  animalization         -  III.  217 

Patellae  from  Madeira  analyzed  -  1.352 
Pearls,  fimilar  in  Compofition  to  mother  of  pearl  354 
in  ftru&ure  refembk  pifolithes                   -  354 

_       their  iridefcency  produced  by  their  lamel- 

lated  ftrii&ure  -  -  -  -  354 

Pearfon,  his  mode  of  preparing  phofphat  of  foda         II.  137 

J —  experiments  on  calculi  310,  318,  320 

_ difcovery  of  uric  oxyd  -  -  310 

Pelletier,  his  experiments  on  glue  -  1.314 

_ . - on  making  foap  -  II.     32, 

Percival,  errour  of  his  refpecting  urine      -  -  384 

Perkinifm,  it's  principle  -  -  III.     22 

Perlate  fait  -  -  B.  *#§  393 

analyfis  of  -  -  395 

acid  of'  -  -  -     12S,  386 

Perfpiration,  experiments  on  HI.  10S 

w 1 caufes  that  influence  the  phenomena 

0f  .  .  -  -  111 

-1 — : lofs  of  weight  by  -  -         112, 

^- a  principal   regulator   of  the  animal 

machine  -  -  -  -  H^ 
—  effeta  of                    -                   207,  213,  216 


INDEX.  37^ 

Peftilential  difeafes,  opinions  on  the  contagion  of      III.  270 

ji ancient  and  modern  opinions  on       275 

, diftinguilhed  from  plague  -         278 

, muriatic  acid   employed  as  a 

fumigation  againft  -  -  285 

Philofopher's  llone,  Helvetius  expecled  to  find  it  in 

faliva  -  -  -  -     I.  238 

fought  for  in  faces  -  11.432 

Phlogifton,  Stahl's  doctrine  of  -  HI.     42 

Phofphat  of  lime,  generally  accompanied  by  gelatin     I.  319 

, , difcovered  in  bones  by  Gahn  324 

a  deficiency  of,  in  rickets         -  342 

,, it's  -utility  as  a  medicine  -  342 

. pre  fen  t  in  milk  -  -  342 

_ jLu  the  coverings  of  cruftaceous 

animals  -  -  -  359 

in  zoophytes  362,  3^9,  37-0,  373,  37ft  382 


prepared  by  art  -  -  138 

found  in  urinary  calculi  II.  323 

— .  the  caufe  of  hardnci's  in  bones  46l 


Phofphat  of  foda  -                                       H.  137 

barytes  r                                                 13,9 

< — -  magnefia  -                                           ^9 

. ■ argile  -                  -                   -            1*0 

: filex  -                   -                               140 

__ iilver  -                     -                  102,   141 

__  copper  -                   -                   102,   142 

— iron               -  -              103,   142 


•  native  -                  -             *            145 

—  tin  -                      -                  103,«  145 

—  -  quickfilver  -              -                  104,  146" 

—  arfenic  -                  -                 -14-6 

—  zinc  -                    -                     103,   146* 

—  antimony  *•                 -                  -            148 

—  bifinuth  \;\:r'r             '                 '           &S 

—  cobalt  -                   -                  -           14S 
— ■  manganefe  -'*              *-                 104,  14Q 
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Phofphat  of  ammoniaco-magnefian,  in  calculi  II.  324 

■ triple  of  ammonia  in  urine  -  392 

foda  in  urine  -  -  393 

Phofphats,  earthy  and  alkaline  -  II.  100,  136 

; their  component  parts  101 

• their  properties  105 

of  metals  -  -  101,  141 

■ confounded  with  phofphites  -  1 66 


Phofphites  -  -  165 

their  component  parts  -  -  l65 

■  miftaken  for  phofphats  -  -  166 

how  diftinguiflied  -  -  166 

, their  properties  -  3  67 

Phofphorefcent  bodies,  II.  230,  fee  Light. 

Phofphoric    acid,  found  in  the  gaflric  juice  of  rumi- 
nating animals  .  -  I.  185 — 187 

obtained  from  bones       325,  329,  It  124 

. in  fat  26 

found  in  all  three  kingdoms  47,  112 

it's  indeftruaibility  -  47,  9» 

produced  from  phofphorus         -  89 

methods  of  obtaining         -  92,  ll6 

. What  -  r.  m  Q6 

it's  properties  -  97 

_ in  two  Hates,  liquid  and  vitreous  Q7 

forms  glafles  with  earths  and  metals         98 

it's  action  on  different  bodies  98,  107 

•-. it's  phofphats  -  100,  136 

not  diftinguiflied  from  the  phof- 

phorous  at  firft  -  -  106 

it's  a&ion  on  metals  101,  107 

on  oils  -  -  108 


■ it's  glafs  more  electric  than  any 

other  -  109 

miftaken  for  others  -  109 

it's  compofition  -  -  110 

—  found  in  vegetables  -  112 

1 in  minerals  ■«  112,  113 
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Phofphoric  acid,  perhaps  no  part  of  animals  free 

from  it  -.-':.,- 

• the  green  colour  of  leaves  attri- 
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buted  to  it 


mountains 


bodies 


an  ingredient  in  the  formation  of 

it's  origin 

-  hiftory 

obtained  by  deflagration 
by  flow  combuflion 

by  affinity 

from  faline  or  earthy 


from  bones 


«  it's  purification 

vitrification  of 

— —  difcovery  of  it's  properties 
Margraaf  proved  it  to  be  an  acid 


fui  generis 


minium 


it's  tafte 

faid  to  be  cauftic 

it's  fpecific  gravity 

mixed  with  water  gives  out  heat 

faturated  with  nitrous  gas 

it's  effeels  on  iron 

prefent  in  pruffian  blue 

a&ion  of,  on  oils  - 

mixes  with  alcohol 

Eether  perhaps  obtainable  with 

affords  an  inflammable  air  with 

it's  affinities 
— —  affinity  to  phlogiflon 

lime 

_— quartz 

day 

-•—*——  alkalis 


H.  112 

113 

113 

11* 
115 
116 
118 
120 

123 
124. 
125 
127 
130 

131 
135 
136 
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145 
149 
150 
152 

153 
154 
154 
15* 
156 
159 
159 


378  INDEX. 

Phofphoric  acid,  it's  affinity  to  metals           -  -     II.   159 

ii  i       ii in  urine                      -  -           339 

Phofphorous  acid          -             -                 -  96,  159 
■'                             not  diftinguifhed  from  the  phof- 
phoric at  firft             -                 -  106,  159 

. — —  how  procured                 -  *           16*0 

■ —  it's  properties                 -  -           162 

— it's  action  on  different  bodies  163 

attacks  slafs                 •  -           168 


Phofphorus,  preparation  of,  from  bones,    by  the 

chemifts  of  Dijon                 -                 -  -  I.  325 

, by  Scheete  -  327 

— __ . by  Wiegleb  -  32 S 

— by  Morveau      v.  -  329 

'. byCrell          -  II.  146 

. —  undergoes  two  fpecies  of  combufiion  69 

* it's  purification                 -  -  9^ 

. fpeciiic  gravity             -  -  91 

properties                  -  -  91 


burns  fooner  in  common  air  than  in 


oxygen  gas         -                 -             ,    -                 ?  91 

methods  of  obtaining  the  acid  from         92,  1 16 

oxygenation  of  by  the  nitric  acid  93 

it's  acid  in  two  ftates  96 

theory  of  it's  compofition                    -  99 

diminifhes  air  more  than  any  other  fub- 


ftance  does                 -                    -  -  111 

deflagration  of                  ••  *•  116 

flow  combufiion  of             -  -  H8 

adion  of  different  gafes  upon  -  232 

obtained  from  urine               -  *  395 

of  urine  called  englifh  phofphorus  396 

mode  of  preparing  396,  398 


■ burns  vividly  in  nitrous  oxyd  III.   152 

— perhaps  formed  during  putrefaction  232 

Phofphures  of  metals  -  - '  II.  102,  H2 

Pig,  urinary  calculus  of  the  -  -  327 


Pig,  dung  of,  ufed  as  foap  » 

pineal  gland,  calculi  of  the 
Pinel,  his  method  of  preparing  birds 
Pinelli,  his  experiments  on  arthritic  calculi 
Pifolithes  refemble  pearls  in  flru&ure 
Plague,  ads  as  a  pofitive  famulus  - 

it's  contagioufnefs  denied 

• various  caufes  afligned  it 

■ i —  diftinguifhed  from-peililence 

Plafter,  englifh  fticking 

Plato,  his  plallic  nature  -  *• 

Plcnck,  his  experiments  on  fat 

Plutarch,  his  doctrine  of  life 

Poifon,  animal,  two  clalfes  of  - 

of  the  viper,  discovered  by  Redi 

. examined  by  Mead 

. , by  James 

. by  Fontana 

i volatile  alkali    recommended 

as  a  fpecific  againft  it  - 

not  acid  when  pure 

i it's  properties        .     '«• 

« —  it's  analogy  to  gum 

the  only  animal  gum  known 
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II.  434 

335 

III.  245 

II.  331 

I.  354 

III.    19 

270 

275 

278 

I.  323 

III.       3 


It 

III. 


17 

4 


— of  different  ferpents  analogous 

of  flinging  infe&s         -m  ■» 

of  the  bee  - 

1  of  the  fcorpion  -  - 

— lefs  abundant  in  the  animal  kingdom  than 

in  the  vegetable 

acts  on  the  blood  by  depriving  it  of  oxygen 

fome  of  the  mofl  deadly  kinds  of,  negative 


ftimuli  - 

Potafh,  perhaps  formed  during  putrefaction 
Potfetten,  what 

Poulletier,  his  experiments  on  gallftones 
poultry,  dung  of 


II. 


II.  193 
193 
v*93 
194 
194 

194,  200 
194 
195 
196 
197 
197 

198,  200 
199, 
199 

46*2 
III.  16 

17 

III.  230 

I.  108 

10,  356 
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Poultry,  quantity  of  carbonat  of  lime  formed  by  II.  438,  443 

. •  earthworms  recommended  for  feeding        -  476 

Prawns,  (hell  of,  contains  phofphat  of  lime  -         I.  359 

Prieftley,  his  experiments  on  bile  -  -  230 

.. — ! — on  train  oil  -  II.     30 

. on  phofphoric  acid    136,  153,  157 

errour  of  his,  refpecling  urine  -  384 

« discovered  the  chief  difference  between  ani- 


mals and  vegetables                 -                             -  464 

oxygen  gas                  -  III,     42 

his  theory  of  refpiration  43 

— -  experiments  on  animals  in  noxious  airs  63 

. hypothecs  of  the  colour  of  the  blood  67 

- — experiments  on  the  refpiration  of  fifties  III.  134 


Pringle,  his  hypothecs  of  digeftion  -  I.  201 

Proftate  gland,  calculi  of  the  -  II.  336 

Prouft,  his  analyfis  of  bones  -  -  I.  331 

experiments  on  urine  -  II.  385,  391 

PrufTian  blue,  found  in  the  blood  -  I.     55 

* contains  phofphoric  acid  -  II.  145 

« found  in  putrid  animal  fubftances         III.  234 

Pruffic  acid,  found  in  bile   ■  -I.  224 

Purpura,  found  on  the  french  coafts  by  du  Hamel      II.  257 
Pus,  it's  formation  explained  r  I.     53 

properties  «■  -  •*  247 

■  fpecific  gravity  «  *  247 

■ means  of  diftinguifhing  from  mucus     248,  250,  251 

compofed  of  globules  -  -  -  250 

in  a  difeafed  ftate  -  -  251 

in  cancer  -  -  -  252 

a&ion  of  metallic  falts  on  -  252,  254 

, oxygenated  muriatic  acid  on  -  253 

ofthehofpital  fore  -  -  354 

. : method  of  deftroying  it's 

poifon  -  -  -  256 

Putrefaction,    powerfully  checked   by   the  gaftric 
juice  -  -  -  I.  ISO,  19Q 


Putrefaction,  not  induced  by  putrid  food  -         I.   191 

■ — : promotedjby  faliva              -  -  237 

of  flefh,  chiefly  owing  to  the  gelatin  287" 

great  degeee  of,  extinguishes  the  lu- 
minous appearance  of  dead  fifh                 -                 II.  237 

^— prevented  by  the  vital  principle  III.       9 

-« powerfully  promoted  by  inflammable 

gas                 -                 -                  -  i$s 

■ —  oppofed  by  pure  air               -  -  log 

the  only  certain  fign  of  death  -  223 

authors  on                              -  223 

• afferted  to  be  a  fermentation  224,  225 

this  denied              -  •  224> 

— , regarded  as  a  kind  of  ignition  -  225 

— all  organized  fubflances  liable  to  it  225 

various  kinds  of                 -~  -  225 

• > —  atmofpheric             -  -  226* 

- — — products  of  it             -             -  .  227 

. , carbonic  acid  -  227 

■ — ammonia         -  -  228 

* •  potafh  and  foda  -  230 

• nitric  acid  -  230 

■ fulphur             -  -  232 

I ; phofphorus  -  232 

. — n. ,  hydrogen  gas  -  232 

* • azot  gas              -  -^  234 

1 '<•- pruflian  blue  -  234 

' — :  heat              -  -  234 

earth             -'  -  235 


four  ftages  of  -  -  -  235 

difference  of  if  s  phenomena  *  235 

caufe  afligned  for  it  236 

phlogifticarian  theory  of  -  237 

in  different  gafes  -  -  238 

owing  to  the  refumption  of  the  elec- 


tive attractions,   which  the  vital  principle  had 
counteracted  -  * 


239 


382  INDEX. 

Putrefaction  acceflbries  to  III.  239 

will  not  take  place  in  vacuo               -  240 

...    compared  with  diftillation                  -  240 

fubflances  that  impede                       -  241 

*-r~- terraneous                 -'*.«•  249 

m —  of  bodies  buried                 -                 -  250 

thefe  found  in  three  ftates                  -  251 

■ converted  into  a  fat  matter                -  253 

h ' — —  progrefs  of  in  accumulated  dead  bo- 
dies                -                                   -                   "  %$5 

• dangerous  miafraata  of         -             -  255 

— - — —  the  converfion  into  fat  arrefts  the  pro- 

cefs  of                -                 -                 -               -  258 

. final  decompofition  of  this  fat             -  258 

— — . experiments  and  obfervations  on  this 

fat                                      -  259 

■-  aqueous                 -               *  264 

*  produces  a  fimilar  fatty  matter          *  264 

miafmata  produced  by              *  255,  268 

•«*; principal  facts  relative  to                    *  3°° 

Putrid  difeafes,  ftate  of  the  blood  in             -  *•     98 

-T» matter,    always  deleterious   if  in  fufficient 

quantity                 -                 -                -  HI.  2?* 
it's  effe&s  when   introduced  by  a 


wound                -  *?& 
Pythagoras,  his  opinion  of  the  foul 

, of  death  -               -          221 

Q 

Quadrupeds,  effeas  of  light  on  H.  223 
Quercitron  bark,  it's  ufe  in  dyeing  -  -  268 
Quickfilver,  phofphat  of  -  -  104,  146 
. muriatcd,  it's  ufe  in  jkeferving  ani- 
mals -  -  -  III.  245 
mummies  prepared  with  -         -           247 


Quills,  converted  into  gelatin  by  oxygenated  muri- 
atic acid  -  I.  380 


INDEX.      .  3*3 


R 


Rabbit,  urinary  calculus  of  the                   -  11.31$ 

Rain,  caufe  of  the  frefhnefs  of  the  air  after  III.  ,  19 

Rancidity,  of  butter            -  I.  149,  H.  29 

mode  of  diminifhing  I.  150,  II.  29 

— of  fat                 -                 -  II.  19,  20 

. how  removable                 -  -             20,  21 

■ opinions  on  the  caufe  of            -  -             20 


Rat,  renal  calculi  found  in  the                 -              -  329 

Reagents  employed  in  analyfing  animal  fubflances  I.       4 

analyfis  of  animal  fubilances  by  them  7 

Reaumur,  his  experiments  on  the  gaftric  juice     I.  193,  201 

i _ on  digeftion                    -  *202 

Red  particles  difcovered  in  the  blood                        -  37 

Redi,  difcovered  the  poifon  of  the  viper                 -  II.  193 

Reil,  difcovered  the  nerves  of  the  cryftalline           -  453 
Rennet                 -                 -                   -               I.  112,  187 

——different  manners  of  preparing                     -  12(S 

-    ■         it's  property  of  coagulating  milk  afcribed 

to  an  acid          -                  -                  -              .  '  -  187 

on  what  this  property  really  depends  188 


Refpiration,  effential  to  life               -                 -  III.     26 

compofed  of  two  aclions                        -  26 

. it's  final  intention  the  fame  in  all  living 

beings                  -                  -                  -                 -  27 

it's  organs  divifible  into  three  clafies  27 

the  blood  of  an  animal  in  a  given  ratio 


to  it's  perfe&ion                 -                 -                 -  27 

! animal  heat  proportionate  to  it           27,  93,  9* 

fcale  of                 -  28 

animals  in  which  it  is  mod  perfect  foon- 


eft  deftroyed  in  noxious  airs  -  -  28 
■ —  the  more  perfect  it  is,  the  more  are  it's 


organs  concealed  •  2<? 


3S4  INDEX. 

Refpiration,  leaves  the  organs  of  in  vegetables  III.     30 

. ■  knowledge  of  the  ancients  on  this  fub- 

ject  ...             30 

opinions  of  the  moderns              -         31,  38,  41 

Mayow's  theory  of                                              32 

. . —  importance  of  oxygen  in,  difcovered                 42 

fixed  air  produced  by              -             46,  47,  49 

— caufe  of  uncertainty  in  experiments  on             48 

— — experiments  to  afcertain  the  alteration 


of  the  air  by                 -                 -  50,  59 

_ the  quan- 


tity of  air  infpired  and  expired             -  53 

of  animals  in  different  airs  -.             6l 

the  caufe  of  the  colour  of  the  blood  64 

. —  of  animal  heat  79)  82 


alters  a  greater  quantity  of  air  in  a  cold 


temperature  -   .         -  90 

. feveral  conjectures  that  it  arofe  from 


the  fame  caufe  as  combuftion  -  -  100 
it's  effects  compared  with  thofe  of  com- 


buftion by  Lavoifier  and  de  la  Place  -  102 

, a  perfect  combuftion  -  -  105 

experiments  to  determine  the  quantity 


of  carbonic  acid  gas  and  water  formed  during  108 
connexion  between  it,  and  perfpiration      \ 


and  digeftion  -  -  -  108 
principal  caufes  by  which  it  is  influ- 


enced -  -  109 

lofs  of  weight  by  -  -  112 

quantity  of  oxygen  air  confumcd  in  112 

a  principal  regulator  of  the  animal  ma- 
chine -  -  -  -  114 

it's  effects  according  to  Girtanner      "-  118 

produds  -  -  -  119 


~  all  the  animal  heat  not  given  out  dur- 
ing this  procefs  -  -  -  1  *9 
■  »■       —  no  oxygen  combines  with  the  blood  in            120 


IWDfcX* 

Refpiration  a  condu&or  of  the  eleihic  fluid 

■ —  Davy's  theory  of 

oxygen  not  clecompofed  in 

. a  chemical  prccefs 

— —  of  fiflies  -    » 

the  fource  of  their  heat 

■ Davy's  experiments  on 


38$ 


III. 


of  infects 
of  worms 


146, 


151,  168, 


4 ,  0f  zoophytes  * 

1 0f  various  gafes 

of  nitrous  oxyd 

1 of  hydrogen  , 

of  atmofpheric  air 

- — ' of  oxygen 

of  nitrogen 

of  hydrocarbonat 

alters    the   atmofpheric    air  in   three. 

ways  -       .  - 

— carbon  furniflied  by  the  chyle  in,  azot 

by  the  blood  _  - 
effect  of  fever  on 


183, 
162, 

180, 


121 
121 
122 
124 
334 
141 
144 
213 

ur 

149 
149 

187 
184 
175 
186 
184 
184 


-    206 


Rheumatifm,  acute,  examination  of  the  urine  in        II. 
Richter,  his  experiments  on  biie  -  I.  229, 

Rickets,  a  deficiency  of  phofphat  of  lime  in  I. 

> ftate  of  the  urine  in  -  II.  3jgf 

Roaft  meat,  brown  of  I. 

Robert,  afcribed  a  double  foap  to  bile 

R,oeder,  mowed  the  exiftence  of  fodain  bile    225,  226, 

Rollo,  his  opinion  of  the  hofpital  fore 

— - —  his  method  of  deftroying  it's  poifon 

Roquefort  cheefe  - 

Rotifer,  after  dried,  may  be  reflored  to  life  by  means 

of  water  -  III. 

Rouelle,  his  experiments  on  the  blood  -  I. 

_. , 0I,  horn  * 

«. ^ . — _ .  on  urjne  u#  37^  375^ 

YOl.  III.  c  c 


215 
216 
382 
230 
342 
383 
283 
228 
227 
254 
256 
166 

19 

34 

346 

391 


386  INDEX. 

Rouellc,  firft  ©bferVed  urce  -  -         H.  400,  461 

. his  experiments  on  the  urine  of  the  horfe, 

cow,  and  camel  -  "  4^8,  *29 

'       Hum,  his  opinion  of  the  principle  of  life  -  HT.     12 

Ruficl,  his  experiments  on  the  poifon  of  fcrpcnts  11.197 

S 

Saccharine  acid,  found  in  the  faliva  of  a- venereal 

patient   '                                   -                   -  *•  2»* 

. __J obtained  from  fat              -  H*     19 

Saccholaaic  acid  '  *  *•  H* 

__. __ benzoic  acid  obtainedirom  II.     4& 

m difcovered  by  Scheele     «  72 

.._ miflaken  for  oxalat  of  lime  72 

_  proofs   of  it's"  being  a  peculiar 

•   acid                 -                 "  7*>  7g 

t „__  U Hermbftadt's  experiments  on  it  75 

j , ,  afferted  not  to  be  a  peculiar  acid  7& 

Fourcroy's  definition  of              -  80 

it's  affinities               -                 -  80 

Sage,  his  conjecture  on  the  iron  in  the  blood  I.     47 

Sal  mi'rabile  perlatum                  -                   -  11.385 

Saliva,  it's  properties                   .                   -  I.  237 

— it's  fpecific' gravity                   -                -  237 

feptic                 -                 -             -             "  237 

acls  upon  iron  and  copper             -               -  237 

— —  it's  component  parts                      •                 -  238 

« faccharine  acid  in  that  of  a  venereal  patient  238 

—  promotes  the  vinous  fermentation             -  238 

of  the  horfe          .                          -                 -  238 

_--  aclion  of  reagents  on  it                -  238 

it'sanalvfis                 -                  -       ■         --  24-0 


Salivary  glands,  calculi  of  the                     -  H.  343 

Salt,  peculiar,  obtained' from  filk                  -  li  399 
Salts,  neutral,  fee  Neutral  Salts. 

Sanctorius,  his  experiments  on  perfpiration  ..III.  10* 


INPEX.  387 

Saunders,  his  experiments  on  bile 
—————  his  opinion  of  it's  ufe 
Scales  of  animals  examined  by  Hatchett 
*■"  ——  horny  of  ferpents    &c. 
Scarlet,  difcovery  of 

a  compound  of  crimfon  and  yellow 

■ '  — ■  in  half  grain 

Scheele,  his  method  of  preparing  phofphorus 

— — experiments  on  horn 

•  found  a  faccharine  matter  in  oil 

I «  his  experiments  on  animal  acids 

• difcovery  of  the  ladic  acid 

faccholactic  acid 

— — lithic  acid 


■  '■»  experiments  on  urinary  calculi 

i difcovery  of  oxygen  gas 

■ theory  of  refpiration 

Schroeder,  his  experiments  on  bile 
Scopoli,  his  experiments  on  the  gaflric  juice 
Scorpion,  venom  of  the 
Scurvy,  Hate  of  the  blood  in 

owing  to  an  abftraction  of  oxygen 

Scythians,  their  mode  of  making  butter 

made  cheefe  alfo 

Sealing  wax,  lac  the  bafis  of 

Sebacic  acid,  gives  folidity  to  fat 

■ —  exifts  perfectly  formed  in  fat 

I in  butter 

t common  to  vegetable  and  animal  oils 

■ Fourcroy's  definition  of  it 

■ ■ —  difcovered  by  Gruetzmacher 

< difputes  about  it 

preparation  and  rectification  of   171,   184,  186 

„ another  method  of  procuring  -  174 

it's  nature  and  properties  175,  185 

it's  affinities  -  -  ISO,  IS  J 

cc2 


I. 

222, 

225 

- 

233 

-  • 

I. 

347 

- 

348 

II. 

266 

- 

267 

- 

281 

I. 

327 

346 

II. 

22 

- 

48 

1 

67 

72 

- 

86 

292, 

29^, 

297, 

298, 

300 

III. 

42 

- 

49 

I. 

227 

183 

- 

II. 

m 

I 

95 

- 

II 

41 

i 

I 

115 

- 

116 

- 

II 

.  284 

- 

2,  21 

- 

23 

- 

29 

laloi 

Is 

47 

- 

169 

- 

170 

- 

170 

Scbacie  acid,  compared  with  other  acids             -  It.  1&2 

, —  it's  odorous  matter                  -              -  186 

proceiTes  for  obtaining  it  examined  187 

—  recapitulation                   *                   -  188 

Seeds  of  vegetables,  a  finking  analogy  between  them 

and  eggs                 -  -  -  l'  *9'  21 

Segner,  his  experiments  on  human  fat  *         "•     24, 

Soguin,  his  experiments  on  tanning  •»  «  2#5 

.  on  the  quantity  of  carbonic 

acid  gas  and  water  formed   during  refpiration, 

&c.  -  -  *"  I!I-  I09 

Sel  fufiblc  a  bafe  de  natron  *  *  11.385 

Semen  *  -  -  L  26° 

_. examined  by  the  microfcope  -  260 

cryltallizes  -        ■        -  -  260,  26*2 

261 


it's  arorna 

*j —  fpecirlc  gravity  -                                       2"2 

curious  appearance  of  it  -                 -             2o2 

—  analyfis  of 

Septics                -  ni'239 

Scrum  of  blood                 -  -                 -             I.     26 

26 


~  it's  properties 

fpecific  gravity  ~                "             2^»  52 

affords  oxalic  and  malic  acids                                     27 

._ diftillation  of  - 

— , — -  it's  component  parts  -                               28 

-red                 -  S» 

i caufc  of  it's  coagulation  -               -  ■         •  -31 

- — — examination  of  it  -                 -               33,  5$ 

gelatin  found  in  it  *               -                           "* 

-w effect  of  water  on  it  -                 -               27,52 

Ji proportion  of  it  in  blood  -                             5S 

fulphur  prcfentinit  -                      -             ©l. 

- in  inflammatory  difcafes  -                             *9 

of  milk,  fee  Whey. 

.  ofblifters                   -  *                   "            266 

— —  air  can  a&  on  the  blood  through  -          HI.     G* 


INDEX,  3$9 

Steep,  milk  of  •  -  -i  I.   164 


• •  it's  cream  -  -  16 5 

. — _, — _ butter  -  -  10,5 

— effeds  of  reagents  on  -  -  10' 5 

-  how  diftinguiihed  from  row's  ,         lt:5 

it's  cheefe  -  -  \$6 

-> fiefh  of,  examined  ,  -  -  27S,  283 

Saeldon,  his  mode  of  prcfervhig  anatomical  fub- 

jetfs  -  -  -  .     III.  24(5 

Shells,  their  difference  from  bone  1.319,336,341 

component  parts  -  341,  364 

— —  of  eggs  -  *  349,  II.  437 

of  animals  -  I.  349 

divided  into  two  kinds  -  -  350 

Hatchett's  method  of  an&lyfing  -  330 

— tortoife  -  -  -  -  330 

— porcellaneous  -  -  351 

afford  no  trace  of  phofphoric 


acid                 -                  *  -  351 

patella?             *              -  -          «       -  352 

-r- —  pearly                  -  *               -  352 
oyfter                  -                  -  352 

mufcle  -  -  352 

— -  haliotis  iris                   -  -                 ~  353 

— —  turbo  olearius                  -  *  353 

,  mother  of  pearl              -  -  354 

.  porcellaneous  and  pearly  compared  -  354 

— ■ . „  compared    with  enamel   an4 


tooth                  -                  *                   -  i£j  S55 

. fnail                  -  -  Vj'cJ 

— --. — -  cruftace?us                  -                  ~  -  -  o&7 

--  compared  with  cruftaceous  parts    \  ■■  -  360 

— .—  of  lohfters  and  of  fevcral  eggs,  their  colour 

fupcrfkial                    -                  -     .  -              H,  24.9 

Siderite                  -                  «-                  -  -  1 43 
Silex,  phofphat  of                 -    * 

»  &V  found  in  urinary  calculi                 -  -  0 
c  c  3 


140 
i 


3<)0  INDEX. 

Silk  ftiffencd  by  ifinglafs                 -                 -  I.  323 

converted  into  gelatin  by  oxygenated  muriatic 

acid                 -  389 

how  produced                   ...  30,6 

— -  hiftory  of  "               -                  -              -  396 

curious  bubbles  made  with               -  -           397 

— -  oxalic  acid  obtained  from                  -  -           399 

peculiar  fait  obtained  from              -  -           399 

foluble  in  the  acids                  -  401 

injured  by  oxygenated  muriatic  acid  -           401 

— -  corroded  and  difiblved  by  cauftic  alkali  -            402 

contains  much  volatile  alkali             -  -           402 

— -  refembles  fibrous  matter                   -  -           402 

— -  may  be  made  into  paper                 -  -           402 

gives  out  dephlogilticated  air              -  -           402 

— -  varniih  of  -           402 

. eafily  foluble  in  hot  water  -           403 

of  an  animal  nature  /•  -           403 

it's  colouring  part  foluble  in  alcohol  -           403 

■  how  bleached                      -                  -  404,  405 

different  kinds  of  white              -  -           404 

— -  foap  weakens                                     -  '  404 

Nankin              -  405 

— -  fupenor  mode  of  bleaching              -  -           405 
■ — -  extinction  of  the  cods              -  405 
alcohol  prevents  the  mineral  acids  from  injur- 
ing it                                                      -  407 

it's  capacity  of  being  dyed                  -  -           409 

— -  experiments  on  dyeing  with  cochineal  II.  275 

Silk-worm,  acid  of  the,  fee  Bombic  Acid. 

Silver,  phofphat  and  phofphure  of                -  102,  141 

oxyd  of,  it's  aclion  on  ambergris  -           205 

Size,  made  from  leather              •  -             -  I.  298,  3l6* 

• not  the  fame  with  glue  or  mucilage  -        ^317 

Skate,  liver  of,  examined              -               -  I.  291 

1 — half  of  it  oil                 -  -         II.       3 

Skeletons  of  fmall  animals,  mode  of  preparing  46*9 


INDJiX. 

Skin  -  -  -  I.  297 

the  epidermis  moft  eafily  feparated   from  the 

human  -  -  297 

Slare,  his  experiments  on  phofphoius  -  II.  11 6 

Small-pox,  pus  from,  has  the  fame  appearance  as 

that  of  a  healthy  ulcer  -  -  -  247 

Smells,  offenfive,  of  privies,  &c.  bell  mode  of  dc- 
ftroying  - 

Smitlr,  his  method  of  whitening  bones 

Smyth,  his  opinion  of  the  communication  of  con- 
tagion - 

| employed  nitrous  acid  againft  it 

Snails,  decoction  of 

Soap,  Chaptal's,  it's  offenfive  fmell  removable 

! Of  WOol 

animal,  it's  antiquity 

olive  oil  makes  the  bell 

• exprefled  oils  of  feeds  not  fo  good  as  animal 

oils  for  - 

experiments  on  the  making  of 

■  pig's  dung  ufed  inftead  of 

Soda,  in  the  blood 

in  bile  -  - 

> phofphat  of  - 

it's  action  on  mulk 

perhaps  formed  during  putrefaction 

Solids,  animal,  originate  from  the  blood 

divided  into  red  and  white 

examination  of  them 

Soul,  opinions  refpecling  the 

Soup,  portable  - 

Spallanzani,  his  experiments  on  the  gaftric  juice 


391 


his  methods  of  procuring  it 

his  experiments  on  digeftion 

, 0n   the    light  of    the 


III. 

298 

I. 

330 

III. 

273 

287 

I. 

280 

- 

320 

387 

II. 

31 

1 

32 

32 

- 

32 

434 

I. 

103 

219 

II. 

137 

221 

III. 

230 

I. 

11 

277 

277, 

&c< 

III.  % 

I. 

278 

1S3, 

188, 

195, 

201 

191, 

192 

201 


glowworm  -  -       .  -  .H  23| 

c  c  4 


392  INDEX. 

Spafmodic  affections,  ftate  of  the  urine  in         -  II.  380 

Sperma  virile,  fee  Semen. 

Spermaceti,  what  3 

where  found  3 

• methods  of  extracting  3 

it's  fingular  properties              -  -               4 

excellent  candles  made  of  it  -                4 

1 diitillcd  by  Neumann               -.  4 

< may  be  rendered  permanently  fluid  5 

gives  the  fame  products  as  butter  -                5> 

affords  an  acid                  -  5 

converted  into  foap                 -  -          5,  6 

■ diflblved  by  vitriolic  acid  -               6 

• unites  with  fulphur                 -  -               6 

foluble  in  alcohol             »  6 

jn  aether                «r  -               6 


■ not  peculiar  to  cetaceous  animals  6 

feveral  fpecies  of  it              -                 -  6 

—  produced  by  putrefaction           7,  HI.  252,  264 

— an  oil  analogous  to,  extracted  from  hu- 
man liver             -                 -                             *  II.       9 

produced  by  difcafe                               *  10 

■ in  biliary  calculi              -  10 

■ method  of  obtaining  11 

action  of  reagents  on  11 


produced  by  nitrous  acid  -  12 

&c.  from  the  human  fubject  differs  from 

that  from  quadrupeds  -  -  *  12 

w method  of  bleaching  13 

requires  further  invefligation  -  14 


Spiders,  wax  obtained  from                    •  -  475 

Spielman,  his  experiments  on  glue  ••  I.  313 

Spirit,  obtained  from  milk               -  109,  114,   17© 
Spiritus  rector  of  plants  analogous  to  the  aroma  of 

animal  fubftance3                 -  57 

fanguinis                   -                   -  -  31 

Sponge,  predominant  part  of  the  tifiue  of  -  340 


ItfDEX. 

Sponge,  analyfis  of 

Stahl,  his  rational  foul  -  - 

■  doctrine  of  phlogillon 

■  theory  of  putrefaction 

Stcvenfon,  his  opinion  of  animal  heat 
Stimuli,  negative 

. fome  of  the  mo  ft  fatal  poifons 

_ , how  they  ad 

pofitive 

. „ all  nutritious  fubftances  are  fo 

all  arc  combuftible,  or  have  a  great 


393 


affinity  to  oxygen 
Stomach,  of  the  mufcular  kind 

. 1 —  of  ruminating  animals 

« intermediate 

membranous  - 

fubftances  flowly  or  not  at  all  foluble  in 

.partly  foluble  in 

. 1 ftate  of  the  urine  in  affections  of  the 

Strontian,  it's  action  on  animal  fubftances 
Struve,  found  the  phofphoric  acid  in  gaftric  juice 
Subftances,  animal  - 

-t— -. 1 divifion  of 

__ i ,i  formed  from  the  blood 

. , ,  ancient  method  of  analyfing 

.- modern  method 

m two  kinds  of  analyfis  of 

_ , action  of  heat  upon 

, their  elements  according  to  the 


old  fyftem 


&c.  according  to  the  new 
analyfis  of  by  reagents 
action  of  fulphurie  acid  on 

of  nitric 

—  of  muriatic 

of  alkalis 


their  aroma 


I. 

380 

III. 

5 

42 

224 

SI 

17 

17 

17 

17 

,  19 

IS 

19 

I. 

202 

203 

203 

205 

208 

208 

II 

380 

I. 

10 

187 

I. 

1 

2 

s 

!,  11 

3 

3 

4 

5 

_ 

5 

G 

7 

* 

S 

9 

10 

57 

w{  04  IN'DEX. 

Subftanccs,  animal,  all  may  be  converted  either  into 

glue,  or  into  loap                 -                 -             -  I.  320 

_ almoil  all  convertible  into  oil  II.       1 

.. converted  into  an  adipocerous 

matter  by  putrefaction  7 

&c.  by  difeafe             -             -  10 

by  nitrous  acid                    -  12 


this  convcrfion    of,    accounted 


for  -  -  -  -  13 

„ — an  acid  frequently  overlooked 


in  the  analyfis  of  17 

.. effects  of  light  on                 -  225 

- „ manner  in  which  light  acts  upon  226 

their  colour  owing  to  light  and 


oxygen  -  -  ~30 

.  light  emitted  by  -  230 

&c.  not  proportionate  to 


the  degree  of  putrefaction  -  -  237 
1 a  conflituent  princi- 


ple of  them  -             -                 -                             23  & 

colouring  matter  of                 -             244 

ufed  in  dyeing               -             252—286 

■  component  parts  of                                 46 1 

.  compared  with  vegetable    46l,  III.  202 

. azot  the  grand  caufc  of  differ- 


ence between  the  two  -  -  II.  464 
—  living,  as   oyfters,  afford   little 


nourifhment              -  III.     18 

—  putrcfadion  of             -  -           223 

, — . . in  the  air  -           226 

, . underground  24.9 

i . in  water  -          264 


their  converfion  into  fatty  mat- 


ter explained  -  ^SG 
Sucrfcn,  his  method  of  procuring  phofphoric  acid  II.  04 
Suet  -  -  -  -  « 
beef,  difliilcd                -                 -                 -  .         26 


INDEX. 

Suet,  flag,  of  the  fame  confidence  as  beef        -  II. 

fheep's,  ^firmer  -  - 

Suffimentum  filveflre  -  - 

Sugar  of  milk  I.  112, 

known  to  the  brachmans 

firft  mentioned  by  Bartholdi 

recommended  in  gout 

_ — , an  article  of  trade  in  Switzerland 

■ — ■  different  kinds  of  -  129,   130, 

methods  of  preparing  -  129, 

quantity  afforded  by  different  kinds 


\9* 


of  milk 


action  of  reagents  on 
examined  by  Lichtenftein 

jjy  Rouelle 

— - by  Beaume 

by  Schcelc 

by  liermbftadt 


afs's  milk 
goat's  milk 


of  milk  always  cfientially  the  fame 
acid 


. it's  difference  from  fugar 

Sulphur,  found  in  the  blood 


II. 


I.  6t 


one  of  the  conftituent  parts  of  feve'ral  ani- 


mal fluids  -  - 

\ unites  with  fpermaccti 

; perhaps  formed  during  putrefaction 

Sulphuric  acid,  it's  action  on  animal  fubftanccs 

1 on  bile 

: on  faliva 

■  — on  nafal  mucus 


II. 

II  I. 

I. 


on  pus 


it's  ufe  in  depriving  hides  of  hair 
it's  action  on  bones 
on  hair 

■' •■  —  on  wool 


'302, 


27 
27 
470 
113 
12S 
128 
12S 
128 
132 
133 

130 

130 
130 
133 
135 
136 
136 
161 
l6'4 
175 
67 
SI 
103 

6> 
6 
232 
'S 
2 19 
239 
24* 
248 
304 
325 
387 
388 


396  IKDEX. 

Sulphuric  acid,  it's  ufc  in  fulling                  -  I.  303 

1 it's  action  on  filk             -  401 

on  fpefmaccti             -  II.       6 

— — — — — on  animal  oil  -             36 

— ' — ■ on  formic  acid  -             57 

—  on  urinary  calculi  -           294 

"  '      ■  —        .  ■  —  on  gallitones                 -  354 

■   ' ■■  '    '  ■■-  on  uiee              -  -           410 

on  coagulated  albumen  448 

— — i —  on  fibrin             -  -         457 

Sweat  -  430 
Swediaur,  his  account  of  the  origin  of  ambergris  208 
Swieten,  van,  his  opinion  of  the  qaufe  of  epide- 
mics -  -  -  III.  280 
Sydenham,  his  opinion  of  the  caufe  of  pcftilcncc  280 
Synovia,  it's  properties  I.  258 
■"             —  fpecific  gravity               -               -  258 

■  '  ■-'  ■ fingular  effecl  of  dilute  acid  on  it  258 

■ analyfis                 -                 -  -           259 

of  gouty  perfons                 -               -  11.331 


Tacconi,  his  experiments  on  arthritic  calculi  -  331 

Tan,  Macbride's  method  of  ex  trading,  faulty  I.  299 

experiments   to  afcertain  the  quantity  bf  30rj 

tefts  of  -  -  299,  306,  308 

quantity  of,  in  different  barks  -  »  308 

effects  of,  on  urine  -  II.  377,  379 

a  tell  of  gelatin  -  454 

Tanning,  observations  on  -  I.  2p7 

true  principles  of  -  -  .298 

utility  of  -  -  298 


procefs  of,  explained  -  -  298 
matter  -  -  -  MQ 
tefts  of           -           -         29fr  366,*  Jos 


new  method  of  -  -  301 


IKDBX.  397 

Tanning,  advantages  of  the  new  method  of 

— . principle,  precipitated  by  muriat  of  tin 

— - — —  quantity  or*  in  different  barks 

Tartars,  their  method  of  making  kumifs 
Tears,  their  properties         - 

. fpecific  gravity 

unite  with  oxygen 


— analyfis  of  them 

Teeth,  enamel  of  them  ,  - 

compared  with  mother  of  pearl 

- — - —  difference  between  them  and  the  enamel 

— — —  incruftations  on  them 

Tendinous  parts 

Thenard,  his  experiment*  on  febacic  acid 

Thirft,  the  oppofite  of  hunger 

— - —  indicates  a  want  of  oxygen 

■■       how  quenched 
Thomas,  his  experiments  on  the  urinary  calculus  of 

the  dog  -  - 

Thompfon,  his  experiments  on  hair,  wool,  and  filk 
Thornton,  his  opinion  of  the  vital  principle 
Thought,  the  galvanic  fluid  requifite  to 
Thouret,  his  examination  of  the  brain        a 
Thouvenel,  his  analyfis  of  flefli 

his  experiments  on  fpermaceti 

. his  analyfis  of  ants 

i of  cantharides 

^_  of  millepedes 

•  ■  ■■  of  earthworms 

Thus  germanicum  "-"..■, 

Tiboel,  his  method  of  preparing  oleum  animale 

Tin,  phofphat  and  phofphure  of 

Torre  (fath.  della)  his  examination  of  the  blood 

Toitoifefhell  -  - 

— n— J it's  compofition 

Townfend,  hit  opinion  of  the  vital  principle 
Train  oil  -  -  - 


I 

305 

308 

308 

170 

241 

241 

242 

fa 

242 

334, 

355 

355 

356 

II. 

348 

I. 

311 

II. 

184 

III. 

19 

19 

19 

II. 

316 

I. 

389 

III. 

8 

25 

I. 

294 

279 

II. 

3 

- 

471 

473 

475 

477 

470 

- 

38 

103, 

145 

I. 

37 

338, 

340 

350 

III. 

8 

II. 

sa 

398  INDEX. 

Train  oil,  Prieftley's  experiments  on  it             -  II.     30 

Tree  frog,  it's  colour  altered  by  light             -  -           225 

Trotter,  his  opinion  of  fumigations                  -  III.  29$ 

Tubiporos,  examined  by  Hatchctt                   -  L  368 

Turbo  olearius                  -  353 

Turtle,  land  and  water,  flefh  of                  -  -^             280 
Tychien.  his  experiments  on  urinary  calculi       II.  293,  294 

Tyrian  purple,  it's  difcovery                  -  -           25$ 

whence  extracted                 -  -          253 

— > it's  preparation                 -  -         254 

, methods  of  dyeing  with  it  -              254 

it's  high  price           -  -           255 

redifcovei  ed  by  the  moderns  -           255 

the  fim  found  on  our  mores  -          256 

■— < produced  from  different  fifh  -             257 

•     u 

Ulcers,  bad,  ufe  of  the  gaftric  juice  in  -     .    I.  197 

cafe  of  one  cured  by  it          -  -             19S 

aclion  of  metallic  falts  on          -  -       252 

ufe  of  oxygenated  muriatic  acid  in  253,  256 

ofhofpitals                 -     »         -  254,  256 

Urat  of  ammonia,  found  in  urinary  calculi  II.  323 

Uree,  difcovery  of  -           400 

firlt  noticed  by  Rouelle      "            -  -           401 

mode  of  extracting                 -  402 

it's  properties             -                            -  .     403,  419 

—  forms  a  curious  fait  with  nitric  acid  -             404 

it's  aqueous  folution  of  various  colours  -         404 

aclion  of  reagents  on  it  -           404 

diftillation  of                -            .    -  -?         405 

— —  products  of  it's  diftillation             -  -           406 

nature  of  thefe  products                  -  -           406 

diftilled  with  water             -  407 

it's  eafy  dccompofition                    -  -           408 

remarks  upon  this                 -                 -  40* 


INDEX.  399 

Uree,  it's  fpontaneous  decompofition  -       II.  409 

compared  with  that  of  urine                      -  409 

undergoes  both    the  acid  and  putrid  fermen- 
tation at  the  fame  time              -             -             -  410 

action  of  acids  upon                   -                      -  410 

fulphuric  acid  adts  on  it  as  putrefaction  does  412 

j nitric  acid  ads  on  it  in  a  very  Angular  manner         412 

partially  decompofed  in  a  fingular  manner  by 

oxygenated  muriatic  acid                   -                   -  4l6 

■—     ■■  treated  by  alkalis  and  falts              -               -  417 

—  changes  the  form  of  the  cryftals  of  certain 

falts                 -                 -.                -                   -  413 

recapitulation  of  it's  properties             -         -  419 

— —  component  parts  of                                -  421 
it's  utility  considered  pathologically                -  422 

wanting  in  fome  difeafes                  -                 -  424 

— .—  more  abundant  in  others                -                  -  424 

application  of  it's  difcovery  to  the  arts          -  425 

Uric  acid,  fee  Lithic  Acid. 

— —  oxyd,  difcovered  by  Dr.  Pearfon   '        -         -  310 

« it's  properties                  *<-                     -  311 

■ —  prefent  in  arthritic  concretions  314,  3l6 

, . peculiar  to  man                  -                   -  315 

Urine,  it's  effects  on  blood  -  I.     86' 

benzoic  acid  obtained  from  -  II.     48 

— — -  critical  depofite  of,  lithic  acid  -  (     87 


calculous  matter  prefent  in  all  -               308 

— ev—  caution  refpecling  Hones  voided  frith  -          337 

what  •               -             ;  -                 -  363 

differs  from  the  animal  fluids  -                 36*3 

— - —  ancient  opinions  of  it                   -  -           36*4 

— - —  modern  opinions             -  -           36*4 

— *■ —  human                 -                      -  365 

— : it's  varieties             *  -         365 

■■             caufes  of  it's  varieties  -             365 

* enecl:  of  diet  on                 -  -           366 

-— - —   ■  ■  ■■■«-  divided  into  crude  and  concocted  36'7 


400  INDEX. 

Urine,  human,  it's  changes  on  expofurc  to  the  air     II.  367 

_. -  it's  acid  period  -  -  36S 

______ — , 1  it's  alkaline  -  -  368 

, , it's  putrid  -  -  369,  374 

■ fediment  of  u        *  -  369 

* -  caufe  of  it's  diverfity  of  colour  370 

. diftiilation  of  -  -         *  371 

__= it's  extractive  matter  varies  moil  in 

372 


quantity 

it's  extractive  and  faponaceous  mat 


ters  examined  *  3/3 

-  component  parts  of  -  373,374 

_. . prone  to  putridity  -  37* 

.  putrid  examined  -  *  375 

___ —  action  of  reagents  on  -  375 

that  of  infants  faid  by  fome  to  con- 


tain no  acid  -  3' ' 

1 Cruickfhank's  method  of  dicovering 


lithic  acid  and  phoiphat  of  lime  in,  and  their 
proportions 
,  considered  as  a  ftandard  in  health 


and  difeafe 
_ . methods  of  diftinguiming  the  ftates 


378 
379 
379 


of  " 

_ i diabetic,  fermented  into  a   liquor 

like  beer  -  -  "  381 

-, .  method  of  deteding  fugar  in  *  381 

.  bile  found  in,  in  jaundice  *  382 

_...   .  acids  fuppofed  to  exift  in  *  384 

N ..  peculiar  fait  fuppofed  to  be  found 


oxalic  acid  in 


385 
386 
387 


— •  acid  of  benzoin  in 
—  other  fubftances  in  i  -  387,  395 

well  grounded  fufpicions  of  an  un 


•  1  •  -  387,  388 

known  acid  in  -  .  _t 

__, ,  difengagcd  phofphoric  acid  in        -         380 


INDEX. 


401 


Urine,  human,  microcofmic  fait  difcovered  in 
_ , _ —  procefs  of  obtain- 


lt  390 


ing 


triple  phofphat  of  ammonia  in 


390 
&c.  improved      391 
392 
395 
396,  39S 


phofphorus  obtained  from 

methods  of  preparing  phofphorus  of 

new  fubftance  difcovered  in,  400,  fee  Uree. 

mode  of  feparating  uree  from    ,  - 

it's  ufe  in  the  animal  economy 

erTe&s  of  it's  remaining  long  in  the  bladder 

it's  ufe  in  makirig  nitre 

•  in  fcouring  cloths  -  * 

— - —  in  making  ammonia 

for  procuring  muriat  of  ammonia 


—  of  the  horfe 


analyfis  of 


of  the  cow 
camel 


Uterus,  calculi  found  in  the 


402 

*  .    .422 

424 

425 

426 

427 

427 

428 

429 

429,  430 

-         429 

349 


Van  Mons,  his  experiments  on  hair,  wool,  &c. 
Vauquelin,  his  experiments  on  bile 

and  Pourcroy  firft  analyfed  tears 

1 . their  examination  of  nafal 


mucus 


his  examination  of  feraen 

— of  the  liquor  amnii 

— of  the  liver  of  the  fkate 


TOL.    III. 


analyfis  of  the  enamel  of  the  teeth 
difcovery  of  the  amniotic  acid 
experiments  on  urinary  calculi 
difcovery  of  uree 
analyfis  of  the  urine  of  the  horfe 
experiments  on  the  dung  of  poultry 


I.  389 

223 
241 


245 
261 
271 
291 
334 
88 
322 
400 
429 
437 


II. 


402  INDEX. 

Vauquclin,  his  experiments  on  the  refpiration  of  in- 
fects and  worms  -  -  III.  147 
Veal                -                                                       I.  278,  288- 

more  aqueous  and  mucous  than  beef     ,         -  279 

analyfed-  -  -  -         278,  284» 

Vegetables,  moll  animal  fubftances  originally  form- 
ed from  -  -  -  -  I.       & 

— a  linking  analogy  between  their  feeds 

and  the  eggs  of  animals  -  -  19>  21 

■  ■•    -i  certain  fpecres  coagulate  milk  -  107 

—  oCcafion  acidity  in  the  ftomach  -  189 

— — — -  indigeftible  parts  of  -  208 

. partly  digeflible  -  -  209 

—————  eafy  of  digellion  -  -  209 

green  colour  of  their  leaves  attributed 


to  phofphoric  acid  -  -  H«  113 

— "—  blanched  by  the  want  of  light  -  224 

— —  albumen  found  in  -  450,  453 

'"    acid,  afford  gelatin  -  452 

■    '       -  their  fubftances  compared  with  animal   46*1,  III. 

202 
■   ■       partaking  of  the  nature  of  animal  mat- 


ter -  -  -  -         II.  463 

leaves  their  refpiratory  organs  III.     3Q 

—  theories  of  their  converfion  into  animal 


matter  -  -  -  IQG 
Venefection,  circumftances  of,  affect  the  appearance 

of  blood                 -                 -                   -  I.     97 

Venous  blood             -                 -  23 

contains  lefs  carbon  than  arterial  87 

Vermilion,  how  produced  from  cinnabar                -  82 

Vic  d'Azyr,  his  obfervations  on  gallltones  II.  360 

Vinegar  of  milk             -                  -                 -  I.  112 

• fuccedaneum  for                 -                 -  II.     55 

• difiblves  urinary  calculi                 -  297 

• cnres  the  effects  of  opium  and  drunken- 

»efi                .  III.     i9 


INDEX, 

Vinegar,  it's  vapour  of  no  efficacy  agaimt  contagion 
Viper,  flefh  of 

i broth  of  -  m 

poifon  of,  II.  1£)3,  fee  Poifon. 

Vital  principle,  opinions  concerning  it 

— fuppofed  to  be  in  the  blood  - 

I confounded  with  the  foul 

— fuppofed  a  modification  of  matter 

t? it's   feparate  exiftence  rejected  by 


m 


Defcartes 


Monro's  explanation  of  it 

John  Hunter's 

proofs  of  it's  being  in  the  blood 

the  heart  it's  chief  feat 

how  it's  abfolute  deprivation  may 


be  determined 

^ ,  affirmed  to  be  irritability 

— — influence  of  oxygen  on 

«  a  chemico-animal  flame 

has  a  greater  affinity  to  fome  orga- 
nized bodies  than  others 

is  in  greater  quantity  in  fame  than 

in  others  -  -  /        » 

— frees  bodies  from  the  chemical  laws 

of  inanimate  matter  -  - 

— ■ — ■  prevents  putrefaction 

arguments  againft  the  exiftence  of 


an  independant  one  -  - 

—  animal  life  includes  three  properties 

_/  fuppofed    by   Cullen    to    have    a 


power  of  generating  heat  or  cold 
Vitrum  molle 

Vomiting,  excited  by  fwallowing  air 
Vogel,  his  experiments  on  fat 


III. 
I. 


III. 


294 

280 

281 

1 
I 
2 

3 

i 

5 

6 
6 
6 

7  ■ 
7 
8 
9 


9 

9 

10 

13 

82 

II. 

115 

I. 

192 

II. 

17 

£>   D  2 


404  IND1X. 


w 


Walther,  his  observations  on  gallftones 
Water,  it's  aclion  on  animal  fubflances 

on  albumen  - 

on  yolk  of  egg 

- on  blood 

: on  ferum 

■  on  the  coa^ulum  of  blood 


caufes  the  fluidity  of  the  blood 
it's  aclion  on  pus  • 

on  fynovia  ? 

pnfkin 

• on  cartilage 

on  bones 

on  fpongc 

on  hair 

. on  ftlk 

—  -  — i on  ambergris 

on  mufk 

-r on  biliary  calculi 

— 7-  on  gelatin  ^ 


II. 

359 

I. 

8 

12,  16 

,  18 

m 

19 

- 

24 

27 

,  52 

2? 

,  6s 

104 

247 

258 

297 

- 

319 

- 

324 

- 

380 

- 

385 

397, 

403 

n. 

204 

221 

- 

353 

454 

■  decompofed  by  animal  and  vegetable  orga- 
nized libre  -  -  III.     18 

■  when  drunk  is  decompofed  and  afterward  re- 

compofed  -  -  -  18 

— - ~-  how  it  removes  tjie  fenfation  of  third  V  19 

reftores  a  dried  infect  to  life  -  19 

experiments  on  the  quantity  formed  during 

refpiration  -  108,  113 

abforbs  nitrous  oxyd  •«;  -  152 

converts  moil  animal  fubftanccs  into  a  fatty 

matter  -  -  264 

dilutes  contagious  matter  fo  as  to  deftroy  it's 


noxious  quality  -  292 

\Vater  of  a  thouiand  flowers  t  II.  202; 


IXDEX.  405 

Watfon,  his  experiments  on  arthritic  calculi  II.  332 

Wax  obtained  frpm  fpiders                  -  -             475 
Weight,  if  that  of  a  man  alter  much  at  the  end  of 

twenty-four  hours  it  is  the  effect  of  difeafe  III.  113 

Wells  (Dr,)  his  experiments  on  the  blood  -          I.     77 

Welter,  his  experiments  on  filk                     -  399 

Weftrumb,  his  experiments  on  filk  and  wool  -             401 

Whey                  ^                     -                  107,  112,   154,  175 

•. — »—  fweet                 -                 *             -  ~           112 

f— — four                 »                 -             ~  ^112 

■„        how  procured                 -  •                 125 

— —  known  in  very  ancient  times            *  -           llf 

^—- — .  beft  mode  of  obtaining                 -  -             125 

vinous                 I                   *  #  *•                 125 

• german                 -                 -  125 

what                <-                -                -  I2f 

— —  Hoffmann's                 -                     -  141 

—  ufed  in  bleaching  linen                 -  154 
•i of  afs's  milk                -                -  -          l6l 

i  contains  phofphat  of  lime  -  -  342 

— -  an  acid  of  a  peculiar  nature  -  II.     70 

— — —  does  not  exift  already  formed  in  milk  -  71 

Whytt,  his  dodrine  of  the  foul  -  III.       5 

Wiegleb,  employed  muriatic  acid  for  diflblving  bones   I.  328 
Willis,  one  of  the  firft  who  obferved  the  fweetnefs 

of  the  urine  in  diabetes  -  -  II.  3S1 

Wine,  ifinglafs  ufed  for  clarifying  *  I.  323 

Wollafton,  his  experiments  on  calculi       II.  302,  335,  336, 

34S 

-r— 1 -— — — on  arthritic  calculi  332 

-s ••— — — ?  on  the  tartar  of  the  teeth  34S 

— : — •    . on  offifications  -  349 

Woodlice,  examination  of  -  -  475 

Wool  -  -  I.  385 

with  cauftic  alkali  forms  foap  -  387 

n — -  oxalic  acid  obtained  from         .    -  -  3§9 


406 


INDEX. 

Woo!,  converted  into  gelatin  by  oxygenated  muriatic 

acid  gas  J    38j 

emits  dephlogifticated  air               -  .           3qq 

—  liable  to  fpontaneous  combuftion  -           300 

— —  it's  component  parts                     -  .           300 

it's  ufes  in  the  arts                     -  -          390 

it's  ftru&ure                 -                 -  -           304 

injured  by  oxygenated  muriatic  acid  -           401 

it's  capacity  of  being  dyed                  -  -           408 

Woollen  cloths,  utility  of  urine  in  fcouring  -  II.  425 
Worms,  earth,  examined  -  -  476 
ufeful  for  feeding  fowls  -                 476 

refpiration  of  III.  \\f 

exhauft  the  oxygen  contained  in  air  com- 


pletely -  -  -  147 
■  effe&s  of  nitrous  oxyd  on             -              T           157 


Yaourt,  a  turkifh  preparation  of  milk                 -  I.  17 1 

Yolk  of  eggs                 -                 -  19 

• contains  an  oil  fimilar  to  that  in  fome 

feeds                 -                 -                 -  19 

*- method  of  obtaining  it's  oil                 -  20 


Z 

Zinc,  phofphat  of  II.   103,   146 

1 phofphure  of  -  -  -  104 

>Zoonic  acid,  difcovered  by  Berthollet         I.  7,  2S3,  II.  47, 

190 

found  fh  vegetable  fubftances  -  48 

—  method  of  procuring  it  -  1<)0 

it's  properties  -  -  191 

• 1 it's  exiftence  queflioned  -  1Q2 

Zoophytes,  analyfis  of  I.  56*2' 

: phofphat  of  lime  found  in      362,  36$,  370,  373t 

376,  382 


INDEX".  40/ 

Zoophytes,  analyfis  of,  by  Hatchett  -            J.  s6t 

madrepores  examined  by  him  366,  367 

■ > —  millepores                 -  .                         ^67 

' tubipores                  -  -               -           368 

— ■  fluftra  foliacea                  -  -             3q$ 

I corallines                 *  .               SQ2y  3Q9 

iris                  -                  .  _                  370 

— it's  colouring  matter  -                 370 

—  gorgonia                 -  .                 .           372 

antipathes                 -  -                 -           379 

' ' —  ^onges                 .  .                 ,           380 

alcyconium                  -  -          .'....           331 


effects  of  light  on  «  II.  224 

refpiration  of  -  '  -  jjl  \±g 


THS    IN©, 


t'rintea  by  J.  Crowder  and  £.  Hemftcrf, 
Warwick  Sqaarc. 


a 


BINDING  SECT. 
SSL  jLAM\ 


QD  Johnson,  W  B 

2I&  History  of  the  progress 

J6  and  present  state  of  animal 

v.3  chemistry.  1803. 

Physical  & 
Applied  Sci. 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


T 


